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(54) Reproducing apparatus 



(57) A signal of a run-length-limited code is repro- 
duced from a recording medium . A transversal filter (21 ) 
subjects the reproduced signal to a partial-response 
waveform equalization responsive to tap coefficients. 
Detection is made as to whether or not the reproduced 
signal corresponds to a peak point. Peak-point infonna- 
tion is generated in response to a result of the detection. 
A delay circuit (23) outputs at least three successive 
samples of the peak-point information. A temporary de- 
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cision device (24) operates for calculating a temporary 
decision value of the equalization-resultant signal on the 
basis of the successive samples of the peak-point infor- 
mation. A difference between the temporary decision 
value of the equalization-resultant signal and an actual 
value thereof is calculated, and an error signal is gen- 
erated in response to the calculated difference. The tap 
coefficients of the transversal filter are controlled in re- 
sponse to the error signal so as to minimize the error 
signal. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention generally relates to an appara- 
tus for reproducing information from a recording medi- 
um such as an optical disc. This invention specifically 
relates to an information reproducing apparatus includ- 
ing a wavefomn equalization circuit for processing a re- 
produced signal of a run-length-limited code. 

Description of the Related Art 

[0002] Japanese patent application publication 
number 10-105161 discloses an optical information re- 
producing apparatus based on a PRML {partial re- 
sponse maximum likelihood) system. In the apparatus 
of Japanese patent application 10-106161, information 
of a run-length-limited code is reproduced from an opti- 
cal disc through a reproducing section, and a transver- 
sal filter subjects the reproduced waveform to partial- 
response equalization. The output signal of the trans- 
versal filter is decoded into binary data by a maximum- 
likelihood decoder. The apparatus of Japanese patent 
application 1 0-1 06161 includes a parameter setting de- 
vice which selects intersymbol-interference imparting 
values in the partial-response equalization In accord- 
ance with the characteristics of the reproduced wave- 
form. Also, the parameter setting device sets tap coef- 
ficients of tlie transversal filter and a decision point sig- 
nal level for the maximum-likelihood decoder as param- 
eters in response to the selected intersymbol-interfer- 
ence Imparting values. 

[0003] The apparatus of Japanese patent application 
10-106161 premises that the optical disc has predeter- 
mined pits (reference pits) representative of parameter- 
setting reference data. Accordingly, the apparatus of 
Japanese patent application 10-106161 fails to imple- 
ment suitable waveform equalization for an optical disc 
which lacks such predetermined pits. 
[0004] Japanese patent application publication 
number 7-1 92270 discloses an apparatus for reproduc- 
ing a digital signal of a run-length-limited code from an 
optical disc. The apparatus of Japanese patent applica- 
tion 7-1 92270 uses a method suited for a high infonna- 
tion recording density. The method in Japanese patent 
application 7-192270 performs ternary equalization 
whose objects are only an amplitude except for points 
corresponding to a data train provided with a minimum 
code inverting gap among points just before or just after 
the inverting position of a code and an amplitude at the 
inverting position of the code. 

[0005] In the apparatus of Japanese patent applica- 
tion 7-192270, a signal is read from an optical disc by 
an optical head, and the read signal is applied through 
an amplifier to an equalizer. A decider following the 



equalizer discriminates the level of the output signal of 
the equalizer The decider includes two comparators. 
The output signals of the comparators are fed to an error 
calculation circuit as level discrimination results. Since 
5 the decider includes the two comparators, the signal 
processing by the decider is relatively complicated and 
the level discrimination results provided by the decider 
tend to be adversely affected by noise and signal dis- 
tortion. 

10 

SUMMARY OF THE INVENTION 

■ [0008] It Is an object of this Invention to provide an 
improved reproducing apparatus. 

^5 [0007] A first aspect of this invention provides a re- 
producing apparatus comprising first means for repro- 
ducing a signal of a run-length-limlted code from a re- 
cording medium; a transversal filter subjecting the signal 
reproduced by the first means to a partial-response 

20 wavefomn equalization to generate an equalization-re- 
sultant signal, the partial-response waveform equaliza- 
tion depending on tap coefficients; second means for 
detecting whether or not the signal reproduced by the 
first means corresponds to a peak point, and generating 

25 peak-point information in response to a result of said 
detecting; a delay circuit responsive to the peak-point 
information generated by the second means for output- 
ting at least three successive samples of the peak-point 
information; a temporary decision device for calculating 

30 a temporary decision value of the equalization-resultant 
signal on the basis of a PR mode signal, an RLL mode 
signal, the successive samples of the peak-point infor- 
mation which are outputted from the delay circuit, and 
an actual value of the equalization-resultant signal, the 

35 PR mode signal representing a type of the partial-re- 
sponse wavefomn equalization, the RLL mode signal 
representing a type of the run-length-limited code; third 
means for calculating a difference between the tempo- 
rary decision value of the equalization-resultant signal 

40 and the actual value thereof, and generating an. error 
signal in response to the calculated difference; and 
fourth means for controlling the tap coefficients of the 
transversal filter in response to the error signal gener- 
ated by the third means so as to minimize the error slg- 

45 nal. 

[0008] A second aspect of this invention is based on 
the first aspect thereof ^ and provides a reproducing ap- 
paratus wherein at least one of the PR mode signal and 
the RLL mode signal remains fixed. 

50 [0009] A third aspect of this invention is based on the 
first aspect thereof, and provides a reproducing appa- 
ratus wherein the second means comprises an A/D con- 
verter for converting the signal reproduced by the first 
means Into a digital signal, means for subjecting the dlg- 

55 itai signal generated by the A/D converter to a re-sam- 
pling process to generate a re-sampling resultant signal, 
means for feeding the re-sampling resultant signal to the 
transversal filter, and means for detecting whether or not 
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the digital signal generated by the A/D converter corre- 
sponds to a peak point, and generating peak-point in- 
formation in response to a result of said detecting. 
[0010] A fourth aspect of this Invention provides a re- 
producing apparatus comprising first means for repro- 
ducing a signal of a run-length-limited code from a re- 
cording medium; a transversal filter subjecting the signal 
reproduced by the first means to a partial-response 
waveform equalization to generate an equalization-re- 
sultant signal, the partial-response wavefomn equaliza- 
tion depending on tap coefficients; second means for 
detecting whether or not the equalization-resultant sig- 
nal generated by the transversal filter corresponds to a 
peak point, and generating peak-point information in re- 
sponse to a result of said detecting; a delay circuit re- 
sponsive to the peak-point information generated by the 
second means for outputting at least three successive 
samples of the peak-point information; a temporary de- 
cision device for calculating a temporary decision value 
of the equalization-resultant signal on the basis of a PR 
mode signal, an RLL mode signal, the successive sam- 
ples of the peak-point information which are outputted 
from the delay circuit, and an actual value of the equal- 
ization-resultant signal, the PR mode signal represent- 
ing a type of the partial-response waveform equaliza- 
tion, the RLL mode signal representing a type of the run- 
length-limited code; third means for calculating a differ- 
ence between the temporary decision value of the 
equalization-resultant signal and the actual value there- 
of, and generating an errorsignal in response to thecal- 
culated difference; and fourth means for controlling the 
tap coefficients of the transversal filter in response to 
.the error signal generated by the third means so as to 
minimize the error signal. 

[001 1 ] A fifth aspect of this invention is based on the 
fourth aspect thereof, and provides a reproducing appa- 
ratus wherein the second means comprises a peak de- 
tector for detecting a point at which a level represented 
by the equalization-resultant signal peaks, and gener- 
ating the peak-point information in response to said de- 
tected point. 

[001 2] A sixth aspect of this invention is based on the 
fourth aspect thereof, and provides a reproducing appa- 
ratus wherein the second means comprises means for 
comparing a phase of a bit clock signal and a phase of 
a point at which a level represented by the equalization- 
resullanl signal peaks, and generating a phase error sig- 
nal in response to said phase comparing, 
[0013] A seventh aspect of this invention is based on 
the first aspect thereof, and provides a reproducing ap- 
paratus wherein the type of the partial-response wave- 
form equalization which is represented by the PR mode 
signal is expressed as PR (a, b, -b, -a), and the succes- 
sive samples of the peak-point information are three 
successive samples, and wherein the temporary deci- 
sion device comprises means for calculating a value P 
on the basis of the successive samples of the peak-point 
information, the value P being equal to a»G when at least 



one of the successive samples of the peak-point infor- 
mation except a central sample corresponds to a peak 
point, the value P being equal to (a-t-b)»G when the cen- 
tral sample among the successive samples of the peak- 

5 point information corresponds to a peak point, means 
for detecting a polarity of a level represented by the 
equalization-resultant signal which occurs when the 
central sample among the successive samples of the 
peak-point information corresponds to a peak point, 

10 means for calculating the temporary decision value on 
the basis of the calculated value P and the detected po- 
larity, and means for setting the temporary decision val- 
ue to "0" when none of the successive samples of the 
peak-point information corresponds to a peak point, 

15 where G denotes a gain factor. 

[0014] An eighth aspect of this invention is based on 
the first aspect thereof, and provides a reproducing ap- 
paratus wherein the type of the partial-response wave- 
form equalization which is represented by the PR mode 

20 signal is expressed as PR (a, b, -b, -a), and the succes- 
sive samples of the peak-point information are five suc- 
cessive samples, and wherein the temporary decision 
device comprises means for calculating a value P on the 
basis ot the successive samples of the peak-point infor- 
ms mation, the value P being equal to a»G when at least 
one of second and fourth samples among the succes- 
sive samples of the peak-point information corresponds 
to a peak point, the value P being equal to (a+b)*G when 
the central sample among the successive samples of 

30 the peak-point information corresponds to a peak point, 
means for detecting a polarity of a level represented by 
the equalization-resultant signal which occurs when the 
central sample among the successive samples of the 
peak-point information corresponds to a peak point, 

35 means for calculating the temporary decision value on 
the basis of the calculated value P and the detected po- 
larity, and means for setting the temporary decision val- 
ue to "0" when none of second, third, and fourth samples 
among the successive samples of the peak-point infor- 

40 mation corresponds to a peak point, where G denotes 
a gain factor. 

[0015] A ninth aspect of this invention is based on the 
first aspect thereof, and provides a reproducing appa- 
ratus wherein the first means comprises means for re- 

45 producing the signal of the run-length-limited code from 
the recording medium in a tangential push-pull method. 
[0016] A tenth aspect of this invention provides a re- 
producing apparatus comprising first means for repro- 
ducing a signal of a run-length-limited code from a re- 

50 cording medium; a transversal filter subjecting the signal 
reproduced by the first means to a partial-response 
waveform equalization to generate an equalization-re- 
sultant signal, the partial-response waveform equaliza- 
tion depending on tap coefficients; a temporary decision 

55 device for calculating a temporary decision value of the 
equalization-resultant signal according to a temporary 
decision algorithm; second means for calculating a dif- 
ference between the temporary decision value of the 
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equalisation-resultant signal and an actual value there- 
of, and generating an error signal in responseto the cal- 
culated difference; third nneans for controlling the tap co- 
efficients of the transversal filter in response to the error 
signal generated by the second means so as to mini- 
nnize the errorsignal; and fourth means for changing the 
temporary decision algorithm used by the temporary de- 
cision device between a first predetermined algorithm 
corresponding to PR (a, b, b, a) waveform equalization 
and a second predetermined algorithm corresponding 
to PR (a, b, -b, -a) waveform equalization. 
[0017] An eleventh aspect of this invention provides 
a reproducing apparatus comprising first means for re- 
producing a signal of a run-length-limited code from a 
recording medium ; a transversal filter subjecting the sig- 
nal reproduced by the first means to a partial-response 
waveform equalization to generate an equalization-re- 
sultant signal, the partial-response waveform equaliza- 
tion depending on lap coefficients; second means for 
detecting whether or not the signal reproduced by the 
first means corresponds to a zero-cross point, and gen- 
erating 0-point information in response to a result of said 
detecting; third means for detecting whether or not the 
signal reproduced by the first moans corresponds to a 
peak point, and generating peak-point information in re- 
sponse to a result of said detecting; fourth means for 
selecting one of the 0-point information generated by the 
second means and the peak-point information generat- 
ed by the third means; a delay circuit responsive to the 
point information selected by the fourth means for out- 
putting at least three successive samples of the selected 
point information; a temporary decision device for cal- 
culating a temporary decision value of the equalization- 
resultant signal on the basis of a PR mode signal, an 
RLL mode signal, the successive samples of the select- 
ed point infomriation which are outputted from the delay 
circuit, and an actual value of the equalization-resultant 
signal according to a temporary decision algorithm, the 
PR mode signal representing a type of the partial-re- 
sponse waveform equalization, the RLL mode signal 
representing a type of the run-length-limited code; fifth 
means for calculating a difference between the tempo- 
rary decision value of the equalization-resultant signal 
and the actual value thereof, and generating an error 
signal in response to the calculated difference; sixth 
means for controlling the tap coefficients of the trans- 
versal filter in response to the error signal generated by 
the fifth means so as to minimize the error signal; and 
seventh means for setting the temporary decision algo- 
rithm used by the temporary decision device to a first 
predetermined algorithm corresponding to PR (a, b, b, 
a) when the fourth means selects the 0-point informa- 
tion, and setting the temporary decision algorithm used 
by the temporary decision device to a second predeter- 
mined algorithm corresponding to PR (a, b, -b, -a) when 
the fourth means selects the peak-point information. 
[0018] A twelfth aspect of this invention is based on 
the eleventh aspect thereof, and provides a reproducing 



apparatus wherein the second means and the third 
means comprise an A/D converterforconverting the sig- 
nal reproduced by the first means into a digital signal, 
means for subjecting the digital signal generated by the 
5 A/D converter to a re-sampling process to generate a 
re-sampling resultant signal, means for feeding the re- 
sampling resultant signal to the transversal filter, means 
for detecting whether or not the digital signal generated 
by the A/D converter corresponds to a zero-cross point, 

10 and generating 0-point information in response to a re- 
sult of said detecting, and means for detecting whether 
or not the digital signal generated by the A/D converter 
corresponds to a peak point, and generating peak-point 
Information in response to a result of said detecting. 

15 [0019] A thirteenth aspect of this invention provides a 
reproducing apparatus comprising first means for repro- 
ducing a signal of a run-length-limited code from a re- 
cordingmedium; a transversal filtersubjectlngthesignal 
reproduced by the first means to a partial-response 

^0 waveform equalization to generate an equalization-re- 
sultant signal, the partial-response waveform equaliza- 
tion depending on tap coefficients; second means for 
detecting whether or not the equalization-resultant sig- 
nal generated by the transversal filter corresponds to a 

25 zero-cross point, and generating 0-point information in 
response to a result of said detecting; third means for 
detecting whether or not the equalization-resultant sig- 
nal generated by the transversal filter corresponds to a 
peak point, and generating peak-point information in re- 

30 sponse to a result of said detecting; fourth means for 
selecting one of the 0-point information generated by the 
second means and the peak-point information generat- 
ed by the third means; a delay circuit responsive to the 
point infomnation selected by the fourth means for out- 

35 putting at least three successive samples of the selected 
point information; a temporary decision device for cal- 
culating a temporary decision value of the equalization- 
resultant signal on the basis of a PR mode signal, an 
RLL mode signal, the successive samples of the select- 

40 ed point information which are outputted from the delay 
circuit, and an actual value of the equalization-resultant 
signal according to a temporary decision algorithm, the 
PR mode signal representing a type of the partial-re- 
sponse wavefomn equalization, the RLL mode signal 

45 representing a type of the run-length-limited code; fifth 
means for calculating a difference between the tempo- 
rary decision value of the equalization-resultant signal 
and the actual value thereof, and generating an error 
signal in response to the calculated difference; sixth 

50 means for controlling the tap coefficients of the trans- 
versal filter in response to the error signal generated by 
the fifth means so as to minimize the error signal; and 
seventh means for setting the temporary decision algo- 
rithm used by the temporary decision device to a first 

55 predetermined algorithm corresponding to PR (a, b, b, 
a) when the fourth means selects the 0-point informa- 
tion, and setting the temporary decision algorithm used 
by the temporary decision device to a second predeter- 
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mined algorithm corresponding to PR (a, b, -b, -a) when 
the fourth means selects the peak-point infonnation. 
[0020] A fourteenth aspect of this invention is based 
on the tenth aspect thereof, and provides a reproducing 
apparatus further comprising a viterbi decoder for sub- 5 
jecting the equalization-resultant signal to a decoding 
process, and fifth means for changing the decoding 
process in response to whether the temporary decision 
algorithm is set to the first predetermined algorithm or 
the second predetermined algorithm. io 
[0021] A fifteenth aspect of this invention is based on 
the tenth aspect thereof, and provides a reproducing ap- 
paratus wherein the signal reproduced from the record- 
ing medium by the first means comprises a first signal 
and a second signal, and the temporary decision algo- ^5 
rithm is set to the first predetermined algorithm for the 
first signal and Is set to the second predetermined algo- 
rithm for the second signal. 

[0022] A sixteenth aspect of this invention is based on 
the tenth aspect thereof, and provides a reproducing ap- 
paratus wherein the first means comprises means for 
reproducing the signal of the run-length-limited code 
from the recording medium in a tangential push-pull 
method. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

Fig. 1 is a block diagram of a prior-art reproducing 30 
apparatus. 

.f . Fig. 2 is a block diagram of a reproducing apparatus 
i according to a first embodiment of this invention. 
. Fig. 3 is a block diagram of a re-sampling DPLL sec- 
tion in Fig. 2. 

! Fig. 4 is a block diagram of an adaptive equalization 
circuit in Fig. 2. 

Fig. 5 is a block diagram of a portion of the adaptive 

equalization circuit in Figs. 2 and 4. 

Fig. 6 is a block diagram of a temporary decision 40 

circuit and a tap delay circuit in Fig. 4. 

Fig. 7 is a time-domain diagram of an example of a 

differential-type isolated waveform. 

Fig. 8 is a time-domain diagram of a waveform (an 

equalization-resultant waveform) which results ^5 

from equalization of the differential -type isolated 

waveform in Fig. 7. 

Fig. 9 is a diagram of signal state transitions regard- 
ing a partial-response (PR) characteristic and a run- 
length-limited (RLL) code corresponding to PR (a, 50 
b, -b, -a) and RLL (1 , X) respectively. 
Fig. 10 is a diagram of signal state transitions re- 
garding a partial-response (PR) characteristic and 
a run-length-limited (RLL) code corresponding to 
PR (a, b. -b, -a) and RLL (2, X) respectively 55 
Fig. 11 is a diagram of the relation between PR (a, 
b, -b, -a) characteristics and temporary decision re- 
sult values for RLL (2, X). 



Fig. 1 2 is a flowchart of an algorithm of a temporary 
decision by a temporary decision device in Fig. 6. 
Fig. 13 is a time-domain diagram of a first example 
of an original wavefonn and an equalization-result- 
ant waveform in the first embodiment of this inven- 
tion. 

Fig. 14 is a time-domain diagram of a second ex- 
ample of an original wavefomn and an equalization- 
resultant waveform in the first embodiment of this 
invention. 

Fig. 1 5 is a time-domain diagram of a third example 
of an original waveform and an equalization-result-- 
ant wavefonn in the first embodiment of this inven- 
tion. 

Fig. 16 is a time-domain diagram of samples of an 
equalization-resultant signal regarding RLL (2, X) 
and PR (1, 1, -1, -1). 

Fig. 17 is a block diagram of a portion of a repro- 
ducing apparatus according to a second embodi- 
ment of this invention. 

Fig. 1 8 is a block diagram of a portion of a repro- 
ducing apparatus according to a third embodiment 
of this invention. 

Fig. 1 9 is a block diagram of a portion of a repro- 
ducing apparatus according to a fourth embodiment 
of this invention. 

Fig. 20 is a flowchart of an algorithm of a temporary 
decision by a temporary decision device in a fifth 
embodiment of this invention. 
Fig. 21 is a block diagram of a portion of a repro- 
ducing apparatus according to a sixth embodiment 
of this invention. 

Fig. 22 is a block diagram of a reproducing appara- 
tus according to a seventh embodiment of this in- 
vention. 

Fig. 23 is a block diagram of a re-sampling DPLL 
section in Fig. 22. 

Fig. 24 is a block diagram of an adaptive equaliza- 
tion circuit in Fig. 22. 

Fig. 25 is a block diagram of a temporary decision 
circuit and a tap delay circuit in Fig. 24. 
Fig. 26 is a time-domain diagram of an example of 
an integral-type isolated wavefonn. 
Fig. 27 is a time-domain diagram of a waveform (an 
equalization-resultant waveform) which results 
from equalization of the integral-type isolated wave- 
form in Fig. 26. 

Fig. 28 is a diagram of signal state transitions re- 
garding a partial-response (PR) characteristic and 
a run-length-limited (RLL) code corresponding to 
PR (a, b, b, a) and RLL (1 , X) respectively. 
Fig. 29 is a diagram of signal state transitions re- 
garding a partial-response (PR) characteristic and 
a run-length-limited (RLL) code corresponding to 
PR (a, b, b, a) and RLL (2, X) respectively. 
Fig. 30 is a diagram of the relation among PR (a, b, 
b, a) characteristics, RLL modes, and temporary 
decision result values. 
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Fig. 31 is a flowchart of an algorithm of a temporary 
decision by a temporary decision device in Fig. 25. 
Fig. 32 is a time-domain diagram of a first example 
of an original waveform and an equalization-result- 
ant waveform in the seventh embodiment of this in- 5 
vention. 

Fig. 33 is a time-domain diagram of a second ex- 
ample of an original waveform and an equalization- 
resultant waveform in the seventh embodiment of 
this invention. io 
Fig. 34 is a time-domain diagram of a third example 
of an original wavefomn and an equalization-result- 
ant waveform in the seventh embodiment of this in- 
vention. 

Fig. 35 is a time-domain diagram of a fourth exam- is 
pie of an original waveform and an equalization-re- 
sultant waveform In the seventh embodiment of this 
invention. 

Fig. 36 is a time-domain diagram of a fifth example 
of an original waveform and an equalization-result- 
ant waveform in the seventh embodiment of this in- 
vention. 

Fig. 37 is a time-domain diagram of samples of an 
equalization-resultant signal regarding RLL (2, X) 
and PR (3, 4, 4, 3). 25 
Fig. 38 is a time-domain diagram of samples of an 
equalization-resultant signal regarding RLL (2, X) 
and PR (1, 1). 

Fig. 39 is a block diagram of a portion of a repro- 
ducing apparatus according to an eighth embodi- 30 
ment of this invention. 

Fig. 40 is a block diagram of a portion of a repro- 
ducing apparatus according to a ninth embodiment 
of this invention. 

Fig. 41 is a block diagram of a portion of a repro- 35 
ducing apparatus according to a tenth embodiment 
of this invention. 

Fig. 42 is a block diagram of a portion of a repro- 
ducing apparatus according to an eleventh embod- 
iment of this invention. 40 
Fig. 43 is a flowchart of an algorithm of a temporary 
decision by a temporary decision device in a twelfth 
embodiment of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 45 

[0024] A prior-art apparatus will be explained below 
for a better understanding of this invention. 
[0025] Fig. 1 shows a prior-art reproducing apparatus 
disclosed in Japanese patent application publication so 
number 1 0-1 061 61 . The prior-art apparatus in Fig. 1 in- 
cludes a recording/reproducing section 2 which repro- 
duces a signal of a run-length-timited code from an op- 
tica! disc 1 . The reproduced signal is fed to a transversal 
filter 3. The transversal filter 3 subjects the reproduced 55 
signal to partial-response (1 . X, X, 1) waveform equali- 
zation on the basis of tap coefficients inputted from a 
tap coefficient deciding device 6 within a parameter set- 



ting device 5. The partial-response (1 , X, X, 1 ) waveform 
equalization is shorted to the PR (1, X, X, 1) equaliza- 
tion. 

[0026] In the prior-art apparatus of Fig. 1 . the param- 
eter setting device 5 includes an X-value selector 1 0 for 
selecting a value X, which is an intersymbol interference 
value in the PR (1 , X, X, 1) equalization, on the basis of 
the characteristics of the reproduced wavefonn. Specif- 
ically the X-value selector 10 sequentially determines 
values Xi (XI, X2, •■•) in response to the result of judg- 
ment by an error rate judging device 9, and selects a 
value X from them which causes the error rate to be with- 
in an allowable range. In the parameter setting device 
5, a target after-equalization waveform generator 8 pro- 
duces a target after-equalization waveform in response 
to parameter-sening binary data from a memory 7 and 
the X value selected by the X-value selector 1 0. The tar- 
get after-equalization waveform generator 8 infomns the 
tap coefficient setting device 6 of the target after-equal- 
ization waveform. 

[0027] The optical disc 1 has predetermined pits (ref- 
erence pits) representing data corresponding to the pa- 
rameter-setting binary data in the memory 7. The tap 
coefficient setting device 6 receives the output signal of 
the recording/reproducing section 2 which has a repro- 
duced waveform originating from the predetermined 
pits. The tap coefficient setting device 6 calculates tap 
coefficients on the basis of the reproduced waveform 
and the target after-equalization waveform. The calcu- 
lated tap coefficients are designed so that an actual af- 
ter-equalization waveform corresponding to the repro- 
duced waveform will agree with the target after-equali- 
zation wavefonn. The tap coefficient setting device 6 
feeds the calculated tap coefficients to the transversal 
filters. 

[0028] In the prior-art apparatus of Fig. 1 , the param- 
eter setting device 5 includes a decision point signal lev- 
el deciding device 11 which is informed of the X value 
selected by the X-value selector 1 0. The device 1 1 cal- 
culates a decision point signal level on the basis of the 
selected X value. The device 11 feeds the calculated 
decision point signal level to a maximum-likelihood (ML) 
decoder 4. 

[0029] The transversal filter 3 outputs a signal of an 
after-equalization reproduced waveform to the ML de- 
coder 4. The device 4 decodes the after-equalization re- 
produced waveform into recovered binary data. The ML 
decoder 4 outputs the recovered binary data to an ex- 
ternal device (not shown) and the error rate deciding de- 
vice 9. The error rate deciding device 9 receives the pa- 
rameter-setting binary data from the memory 7. The er- 
ror rate deciding device 9 compares the recovered bi- 
nary data with the parameter-setting binary data, there- 
by calculating an error rate. The device 9 decides wheth- 
er or not the calculated error rate is within a predeter- 
mined allowable range. The error rate deciding device 
9 infomis the X-value selector 1 0 of the decision result. 
When the device 9 decides that the calculated error rate 
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is within the predetermined allowable range, the present 
tap coefficients and the present decision point signal 
level are latched. In a later stage, the latched tap coef- 
ficients and decision point signal level will be used in the 
PR equalization and the ML decoding process accord- 
ing to a PR (1 . X, X, 1 ) ML system. 
[0030] The prior-art apparatus of Fig. 1 premises that 
the optical disc 1 has predetermined pits (reference pits) 
representing data corresponding to the parameter-set- 
ting binary data In the memory 7. Accordingly, the prior- 
art apparatus of Fig. 1 falls to implement suitable wave- 
form equalization for an optical disc which lacks such 
predetermined pits. 

First Embodiment 

[0031] Fig. 2 shows a reproducing apparatus accord- 
ing to a first embodiment of this invention. With refer- 
ence to Fig. 2, an optical disc 1 5 stores a signal of a run- 
length-limited code at a predetermined high recording 
density. An optical head 16 reads out the signal of the 
run-length-limlted code from the optical disc 1 5 in a suit- 
able method such as a tangential push-pull method. The 
optical head 16 outputs the read-out signal to a direct- 
current blocking circuit {a DC blocking circuit) 17. The 
optical head 16 includes a photodetector, and an ampli- 
fier following the photodetector. 

[0032] The circuit 17 blocks a direct-current compo- 
nent (a DC component) of the read-out signal, and pass- 
es only alternating-current components (AC compo- 
nents) thereof. The output signal of the DC blocking cir- 
cuit 17 is applied to an A/D (analog-to-digital) converter 
1 8A. The A/D converter 1 8A changes the output signal 
of the DC blocking circuit 1 7 into a corresponding digital 
signal. Specifically, the A/D converter ISA periodically 
samples the output signal of the DC blocking circuit 17 
in response to a fixed-frequency system clock signal, 
and converts every resultant sample into a digital sam- 
ple. The A/D converter 1 8A outputs the digital signal to 
a digital AGC (automatic gain control) circuit 18B, The 
AGC circuit 18B subjects the output signal of the A/D 
converter 1 8A to automatic gain control for providing a 
constant signal amplitude on a digital basis. The AGC 
circuit IBB outputs the resultant digital signal to a re- 
sampling DPLL section 1 9. The output signal of the AGC 
circuit 1 SB is referred to as a first digital signal. The po- 
sition of the A/D converter 18A may be between the 
AGC circuit 18B and the re-sampling DPLL section 19, 
or between the optical head 1 6 and the DC blocking cir- 
cuit 17. 

[0033] The re-sampling DPLL section 1 9 converts the 
output signal (the first digital signal) of the AGC circuit 
18B into a second digital signal by a re-sampling proc- 
ess. A timing related to samples of the output signal (the 
first digital signal) of the AGC circuit 18B is determined 
by the system clock signal. A timing related to samples 
of the second digital signal is determined by a bit clock 
signal synchronized with the system clock signal. During 



the re-sampling process, the re-sampling DPLL section 
19 generates samples of the second digital signal from 
samples of the first digital signal through at least one of 
interpolation and decimation. 

5 [0034] The re-sampling DPLL section 19 includes a 
digital PLL (phase locked loop) circuit having a closed 
loop. The digital PLL circuit in the re-sampling DPLL 
section 1 9 generates a second digital signal on the basts 
of the output signal of the AGC circuit 1 8B. The second 

10 digital signal relates to a sampling frequency equal to a 
bit clock frequency. Specifically, samples of the second 
digital signal are generated from samples of the output 
signal of the AGC circuit 1 8B through a PLL re-sampling 
process based on at least one of interpolation and dec- 

15 imation. The re-sampling DPLL section 19 outputs the 
second digital signal to an adaptive equalization circuit 
20. The second digital signal Is also referred to as the 
main digital signal or the main output signal of the re- 
sampling DPLL section 19. 

20 [0035] The re-sampling DPLL section 19 includes a 
peak detector for sensing every point (every peak point) 
at which the level represented by the second digital sig- 
nal (the re-sampling-resultant signal) peaks in a positive 
side or a negative side. The peak detector generates 

25 peak-point information representative of every sensed 
point. Specifically, the peak detector decides whether or 
not every sample of the second digital signal corre- 
sponds to a positive or negative peak. Here, "negative 
peak" means "valley". The result of the decision is used 

30 in generating the peak-point information. In the re-sam- 
pling DPLL section 19, the timing of the re-sampling or 
the frequency and phase of the re-sampling are locked 
so that the levels represented by positive-peak-point- 
corresponding samples of the second digital signal will 

35 be maximized and the levels represented by negative- 
peak-point-corresponding samples of the second digital 
signal will be minimized. The re-sampling DPLL section 
19 outputs the peak-point infonnation to the adaptive 
equalization circuit 20 as the sub output signal. 

40 [0036] As shown in Fig. 3, the re-sampling DPLL sec- 
tion 19 includes an interpolator 19A, a phase detector 
1 9B, a loop filter 1 9C, and a timing signal generator 1 9D 
which are connected in a closed loop in that order. The 
interpolator 19A receives the output signal of the AGC 
circuit 18B. The interpolator 19A receives data point 
phase information and the bit clock signal from the tim- 
ing signal generator 19D. The interpolator 19A esti- 
mates phase-point data samples of the second digital 
signal from samples of the output signal of the AGC cir- 

50 cuit 18B through interpolation responsive to the data 
point phase information and the bit clock signal. Here, 
"phase" is defined relative to the bit clock signal. The 
sample estimation by the interpolator 19A corresponds 
to re-sampling. The interpolator 19A outputs the esti- 

55 mated phase-point data samples to the phase detector 
19B. Also, the interpolator 19A outputs the estimated 
phase-point data samples to the adaptive equalization 
circuit 20 as the main digital signal (the second digital 
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signal). 

[0037] In the re-sampling DPLL section 19, the phase 
detector 1 9B includes a peak detector for sensing peak 
points from the phase-point data samples of the second 
digital signal. Specifically, the peak detector calculates 
the slope (differential) of the level represented by the 
second digital signal on the basis of two successive 
samples thereof. The peak detector senses every inver- 
sion of the polarity of the calculated slope. The peak de- 
tector senses a sample point immediately preceding the 
sample point corresponding to the sensed polarity in- 
version. The peak detector sets a peak-point infonna- 
tion value PK to "1" for the sensed sample point. The 
peak detector sets the peak-point information value PK 
to "0" for the other sample points. Thus, the peak detec- 
tor generates peak-point information representing the 
value PK, The peak detector in the phase detector 19B 
outputs the peak-point infomnatlon to the adaptive 
equalization circuit 20 as the sub output signal. 
[0038] In the re-sampling DPLL section 1 9, the phase 
detector 1 9B detects a phase error in response to the 
level represented by a sample of the second digital sig- 
nal which corresponds to each of the sensed peak 
points. The phase detector 198 generates a signal rep- 
resenting the detected phase error. The phase detector 
1 98 outputs the phase error signal to the loop filter 19C. 
The loop filter 1 9C integrates the phase error signal. The 
loop filter 1 9C outputs the integration-resultant signal to 
the timing signal generator 1 9D. The timing signal gen- 
erator 19D produces the data point phase Information 
and the bit clock signal in response to the output signal 
of the loop filter 19C. Thus, the data point phase infor- 
mation and the bit clock signal are controlled in re- 
sponse to the phase error signal, that is, the level rep- 
resented by a sample of the second digital signal which 
corresponds to each sensed peak point. This control is 
designed to implement frequency and phase lock. Spe- 
cifically, the frequency and phase of the re-sampling by 
the interpolator 19A are locked so that the levels repre- 
sented by positive-peak-point-corresponding samples 
of the second digital signal will be maximized and the 
levels represented by negative-peak-point-correspond- 
ing samples of the second digital signal will be mini- 
mized. 

[0039] The phase detector 19B may generate the 
phase error signal in the following way. The phase de- 
tector 1 9B refers to a sample of the second digital signal 
which corresponds to each of the sensed peak points. 
The phase detector 198 also refers to samples of the 
second digital signal which immediately precedes and 
follows each sensed peak-corresponding sample. The 
phase detector 198 calculates the difference between 
the levels represented by samples of the second digital 
signal which immediately precedes and follows each 
sensed peak-corresponding sample. The calculated dif- 
ference is used as a detected phase error. The phase 
detector 1 98 generates the phase error signal in accord- 
ance with the calculated difference. The timing of the re- 



sampling by the interpolator 1 9A is controlled on a feed- 
back basis so as to nullify the detected phase error. 
[0040] The adaptive equalization circuit 20 subjects 
the main output signal of the re-sampling DPLL section 
5 19 (that is, the second digital signal outputted from the 
re-sampling DPLL section 19) to automatic waveform 
equalization in response to the peak-point information 
fed from the re-sampling DPLL section 1 9. The automat- 
ic wavefomn equalization corresponds to a process of 

10 providing the signal in question with a partial-response 
(PR) characteristic. The adaptive equalization circuit 20 
outputs the equalization-resultant signal to a decoding 
circuit 38. The decoding circuit 38 recovers original data 
from the output signal of the adaptive equalization circuit 

75 20 through a viterbi decoding process. The decoding cir- 
cuit 38 outputs the recovered data to an ECC (error 
checking and correcting) circuit 39. 
[0041] The decoding circuit 38 includes a memory 
loaded with a plurality of candidate recovered data piec- 

20 es. Also, the decoding circuit 38 includes a section for 
calculating branch metric values from samples of the 
output signal of the adaptive equalization circuit 20. Fur- 
thermore, the decoding circuit 38 includes a section for 
accumulating the branch metric values into path metric 

^5 values respectively. The path metric values relate to the 
candidate recovered data pieces respectively. In addi- 
tion, the decoding circuit 38 includes a section for de- 
tecting the minimum value among the path metric val- 
ues, and generating a selection signal corresponding to 

30 the detected minimum path metric value. The selection 
signal is applied to the memory. One of the candidate 
recovered data pieces which corresponds to the mini- 
mum path metric value is elected in response to the se- 
lection signal, being outputted from the memory as the 

35 recovered data. 

[0042] The ECC circuit 39 extracts an error correction 
code from the recovered data outputted by the decoding 
circuit 38. The ECC circuit 39 corrects errors in the re- 
covered data in response to the error correction code. 

40 The ECC circuit 39 outputs the resultant recovered data. 
[0043] As shown in Fig. 4, the adaptive equalization 
circuit 20 includes a transversal filter 21 , a multiplier and 
LPF (low pass filter) section 22, a tap delay circuit 23, a 
temporary decision circuit 24. and an inverter 25. The 

^5 transversal filter 21 receives the main output signal (the 
second digital signal) from the re-sampling DPLL sec- 
tion 1 9. The transversal filler 21 is connected to the mul- 
tiplier and LPF section 22, the temporary decision circuit 

24, and the decoding circuit 38 (see Fig. 2). The tap de- 
50 lay circuit 23 receives the peak-point information from 

the re-sampling DPLL section 19. The tap delay circuit 
23 is connected to the temporary decision circuit 24. The 
temporary decision circuit 24 is connected to the inverter 

25. The inverter 25 is connected to the multiplier and 
55 LPF section 22. 

[0044] The transversal filter 21 subjects the main out- 
put signal of the re-sampling DPLL section 1 9 (that is, 
the second digital signal) to PR waveform equalization 
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responsive to tap coefficients. The nnultiplier and LPF 
section 22 varies the tap coefficients in response to an 
output signal of the inverter 25. The tap delay circuit 23 
defers or delays the peak-point information by a plurality 
of different time intervals, and thereby converts the 
peak-point information into different tap delayed signals. 
The tap delay circuit 23 outputs the tap delayed signals 
to the temporary decision circuit 24. The temporary de- 
cision circuit 24 receives the output signal of the trans- 
versal filter 21. The temporary decision circuit 24 gen- 
erates an error signal on the basis of the output signal 
of.the transversal filter 21 , the tap delayed signals from 
the tap delay circuit 23, an RLL (run-length-limited) 
mode signal, and a PR (partial-response) mode signal. 
The temporary decision circuit 24 outputs the error sig- 
nal to the inverter 25. The device 25 inverts the error 
signal in polarity. The inverter 25 causes negative feed- 
back. The inverter 25 outputs the inversion-resultant er- 
ror signal to the multiplier and LPF section 22. 
[0045] As shown in Fig. 5, the transversal filter 21 in- 
cludes delay circuits 21 B, 21 C, 21 D, and 21 E, multipli- 
ers 21 F, 21G, 21 H, 211, and 21 J, and an adder 21 K. 
[0046] The delay circuits 21 B, 21 C, 21 D. and 21 E are 
connected In cascade in that order. The input terminal 
of the delay circuit 21 B is subjected to the main output 
signal of the re-sampling DPLL section 19 (that is, the 
second digital signal). Also, a first input terminal of the 
multiplier 21 F is subjected to the main output signal of 
the re-sampling DPLL section 19. The input terminal of 
the delay circuit 21 B is connected to the multiplier and 
LPF section 22 as a first tap in the transversal filter 21 . 
The output terminals of the delay circuits 2 1 B, 21 C, 21 D, 
and 21 E form second, third, fourth, and fifth taps in the 
transversal filter 21 , respectively. The output terminals 
ofrthe delay circuits 21 B, 21 C. 21 D, and 21 E are con- 
nected to the multiplier and LPF section 22. Also, the 
output terminals of the delay circuits 21 B, 21 C, 21 D, and 
21 E are connected to first input terminals of the multi- 
pliers 21G, 21H, 211. and 21J, respectively. Second in- 
put terminals of the multipliers 21 F, 21 G, 21 H, 211, and 
21 J are connected to the multiplier and LPF section 22. 
The output terminals of the multipliers 21 F, 21 G, 21 H, 
211, and 21 J are connected to input terminals of the 
adder 21 K. The output terminal of the adder 21 K is con- 
nected to the decoding circuit 38 and the temporary de- 
cision circuit 24. 

[0047] As shown In Fig. 5, the multiplier and LPF sec- 
tion 22 includes multipliers 22B. 22C, 22D, 22E, and 
22F, and low pass filters 22G, 22H, 221, 22J, and 22K. 
[0048] A first input terminal of the multiplier 22B is 
connected to the input temninal of the delay circuit 21 B 
within the transversal filter 21 , that is, the first tap within 
the transversal filter 21 . Thus^ the first input terminal of 
the multiplier 22B is subjected to the main output signal 
of the re-sampling DPLL section 1 9 (that is, the second 
digital signal). First input terminals of the multipliers 
22C, 22D, 22E, and 22F are connected to the output 
terminals of the delay circuits 218. 21 C, 21 D, and 21 E 



within the transversal filter 21 , respectively. In other 
words, the first input temninals of the multipliers 22C, 
22D. 22E, and 22F are connected to the second, third, 
fourth, and fifth taps within the transversa! filter 21, re- 

5 spectively. Second input terminals of the multipliers 
22B, 22C. 22D, 22E, and 22F are connected to the out- 
put terminal of the inverter 25. The output terminals of 
the multipliers 22B, 22C, 22D, 22E, and 22F are con- 
nected to the input tenminals of the low pass filters 22G, 

10 22H, 221, 22J, and 22K, respectively. The output termi- 
nals of the low pass filters 22G, 22H, 221, 22J, and 22K 
are connected to the second input terminals of the mul- 
tipliers 21 F, 21 G, 21 H, 211, and 21J within the transver- 
sal filter 21 , respectively. 

15 [0049] In the transversal filter 21 , the main output sig- 
nal (the second digital signal) from the re-sampling 
DPLL section 1 9 successively passes through the delay 
circuits 21 B, 21 C, 21 D, and 21 E while being deferred or 
delayed thereby. Each of the delay circuits 21 B, 21 C, 

20 21 D, and 21 E provides a predetermined delay corre- 
sponding to a 1 -sample interval (a 1 -bit-corresponding 
interval). The main output signal (the second digital sig- 
nal) from the re-sampling DPLL section 19 is also ap- 
plied to the multiplier 21 F. The output signals of the delay 

25 circuits 21 B, 21 C, 21 D, and 21 E are applied to the mul- 
tipliers 21 G, 21 H, 211, and 21 J, respectively. The multi- 
pliers 21 F,21G,21 H,21 1, and21J receive output signals 
of the multiplier and LPF section 22 which represent tap 
coefficients respectively. The tap coefficients corre- 
ct? spond to waveform eq ualization coefficients. The device 
21 F multiplies the main output signal (the second digital 
signal) from the re-sampling DPLL section 19 and the 
related tap coefficient, and outputs the multiplication-re- 
sultant signal to the adder 21 K. The device 21 G multi- 

35 plies the output signal of the delay circuit 21 B and the 
related tap coefficient, and outputs the multiplication-re- 
sultant signal to the adder 21 K. The device 21 H multi- 
plies the output signal of the delay circuit 21 C and the 
related tap coefficient, and outputs the multiplication-re- 

40 sultant signal to the adder 21 K. The device 21 1 multiplies 
the output signal of the delay circuit 21 D and the related 
tap coefficient, and outputs the multiplication-resultant 
signal to the adder 21 K. The device 21J multiplies the 
output signal of the delay circuit 21 E and the related tap 

45 coefficient, and outputs the multiplication-resultant sig- 
nal to the adder 21 K. The device 21 K adds up the output 
signals of the multipliers 21 F, 21 G, 21 H, 211, and 21J 
into the equalization-resultant signal. 
[0050] As previously mentioned, the multipliers 22B, 

50 22C, 22D, 22E, and 22F in the multiplier and LPF sec- 
tion 22 receive the output signal of the inverter 25. As 
. will be made clear later, the output signal of the inverter 
25 indicates an amplitude error related to the output sig- 
nal of the transversal filter 21 . The Input signal to the 

55 device 21 B and the output signals from the devices 21 B, 
21 G, 21 D, and 21 E within the transversal filter 21 are 
applied to the multipliers 22B, 22C, 22D, 22E, and 22F 
within the multiplier and LPF section 22 as tap output 
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signals, respectively. The devices 22B, 22C. 22D, 22E, 
and 22F multiply the respective tap output signals of the 
transversal filter 21 by the amplitude error signal fed 
from the inverter 25. The multipliers 22B. 22C, 22D, 
22E, and 22F output the multiplication-resultant signals 
to the low pass filters 22G, 22H, 221, 22J. and 22K. re- 
spectively. The low pass filters 22G, 22H, 221. 22J. and 
22K remove high-frequency components from the out- 
put signals of the multipliers 22B, 22C, 22D, 22E, and 
22F, and thereby process the output signals of the mul- 
tipliers 22B. 22C, 22D, 22E, and 22F into signals repre- 
senting the tap coefficients, respectively. The low pass 
filters 22G. 22H, 221, 22J, and 22K output the tap coef- 
ficient signals to the multipliers 21 F, 21 G, 21 H, 21 1, and 
21J within the transversal filter 21 , respectively. 
[0051 ] As shown in Fig. 6, the temporary decision cir- 
cuit 24 includes a temporary decision device 51 . a sub- 
tracter 52, and a D flip-flop 53. The temporary decision 
device 51 is connected to the tap delay circuit 23. The 
temporary decision device 51 is connected to the output 
terminal of the transversal filter 21 via a tenninal 41 . A 
first input terminal of the subtracter 52 is connected to 
the output terminal of the transversal filter 2 1 via the ter- 
minal 41. A second input terminal of the subtracter 52 
is connected to an output terminal of the temporary de- 
cision device 61 . The output terminal of the subtracter 
52 is connected to the D input terminal of the D flip-flop 
53. The Q output terminal of the D flip-flop 53 is con- 
nected to the input terminal of the inverter 25 via a ter- 
minal 54. 

[0052] The temporary decision device 51 receives the 
equalization-resultant signal from the transversal filter 
21 via the terminal 41 . The temporary decision device 
51 receives the output signals of the tap delay circuit 23. 
The temporary decision device 51 receives the PR 
mode signal via a terminal 43. The PR mode signal will 
be mentioned in detail later. The temporary decision de- 
vice 51 receives an RLL mode signal via a tenninal 44. 
The RLL mode signal will be mentioned in detail later. 
The temporary decision device 51 includes a logic circuit 
which is designed to implement a temporary decision in 
response to the received signals according to a prede- 
termined algorithm. The temporary decision device 51 
may include a programmable signal processor. In this 
case, the predetermined algorithm is given as a program 
for controlling the signal processor. The temporary de- 
cision device 51 generates a signal representing the re- 
sult of the temporary decision. The temporary decision 
device 51 outputs the temporary decision result signal 
to the subtracter 52, The subtracter 52 receives the 
equalization-resultant signal from the transversal filter 
21 via the terminal 41 . The device 52 subtracts the tem- 
porary decision result signal from the equalization-re- 
sultant signal, thereby generating an error signal (an 
amplitude error signal) corresponding to the difference 
therebetween. The subtracter 52 outputs the error sig- 
nal to the D flip-flop 53, The system clock signal is ap- 
plied to the clock terminal of the D flip-flop 53 via a ter- 



minal 45. The bit clock signal is applied to the enable 
terminal of the D flip-flop 53 via a terminal 40. Provided 
that the bit clock signal is in a high-level state, the D flip- 
flop 53 latches the error signal in synchronism with the 
5 system clock signal. Accordingly, the D flip-flop 53 latch- 
es the error signal for every period of the bit clock signal. 
The D flip-flop 53 outputs the latched error signal to the 
inverter 25 via the terminal 54. A reset signal is applied 
to thecleartenninal of the D flip-flop 53 via a tenminal 46. 
10 [0053] As shown in Fig. 6, the tap delay circuit 23 in- 
cludes a delay adjuster 23A, and D flip-flops 238, 23C, 
23D, and 23 E. The delay adjuster 23 A receives the 
peak-point information from the re-sampling DPLL sec- 
tion 1 9 via a temninal 42. The outputtemninal of the delay 
15 adjuster 23A is connected to the D input terminal of the 
D flip-flop 238 and the temporary decision device 51 . 
The D flip-flops 238, 23C, 23D, and 23E are connected 
in cascade in that order. The Q output terminals of the 
D flip-flops 238, 23C, 23D, and 23E are connected to 

20 the temporary decision device 51 . The system clock sig- 
nal is applied to the clock terminals of the D flip-flops 
238, 23C, 23D, and 23E via the tenninal 45. The bit 
clock signal is applied to the enable terminals of the D 
flip-flops 238, 23C, 23D, and 23E via the terminal 40. 

25 The reset signal is applied to the clear terminals of the 
D flip-flops 238, 23C, 23D, and 23E via the terminal 46. 
[0054] In the tap delay circuit 23, the delay adjuster 
23A operates to adjust delay time of the peak-point in- 
formation. Specifically, the delay adjuster 23A defers or 

30 delays the peak-point information by a fixed time interval 
or an adjustable time interval. The delay adjuster 23A 
outputs the resultant signal to the temporary decision 
device 51 and the D flip-flop 238 as a first tap delayed 
signal. The D flip-flop 238 delays the output signal of 

35 the delay adjuster 23A by a time interval equal to one 
period of the bit clock signal. The D flip-flop 238 outputs 
the resultant signal to the temporary decision device 51 
and the D flip-flop 23C as a second tap delayed signal. 
The D flip-flop 23C delays the output signal of the D flip- 

40 flop 238 by a time interval equal to one period of the bit 
clock signal. The D flip-flop 23C outputs the resultant 
signal to the temporary decision device 51 and the D 
flip-flop 23D as a third tap delayed signal. The D flip-flop 
23D delays the output signal of the D flip-flop 23C by a 

45 time interval equal to one period of the bit clock signal. 
The D flip-flop 23D outputs the resultant signal to the 
temporary decision device 51 and the D flip-flop 23E as 
a fourth tap delayed signal. The D flip-flop 23E delays 
the output signal of the D flip-flop 23D by a time interval 

50 equal to one period of the bit clock signal. The D flip-flop 
23E outputs the resultant signal to the temporary deci- 
sion device 51 as a fifth tap delayed signal. Accordingly 
the tap delay circuit 23 outputs the first, second, third, 
fourth, and fifth tap delayed signals to the temporary de- 

55 cision device 51 . The first, second, third, fourth, and fifth 
tap delayed signals are five successive 1 -bit-corre- 
sponding segments or five successive samples of the 
peak-point infomnation. 
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[0055] Partial-response (PR) characteristics will be 
explained below. When a differential-type isolated 
waveform in Fig. 7 is subjected to equalization accorded 
with the characteristic of PR (a. b, -b, -a), the equaliza- 
tion-resultant wavefornn in Fig. 8 is provided. A wave- 
form resulting from the PR (a, b, -b, -a) equalization of 
a continuous waveform takes one of five different val- 
ues, that is, "-(a+b)", "-a", "0". "a", and "a+b". It is as- 
sumed that the 5-value signal of the (1 , X) run-length- 
limited code is inputted into a viterbi decoder. Here, the 
(1.|.X) run-length-limited code is prescribed by run- 
length limiting rules such that the minimum transition in- 
terval is equal to "2", and the maximum transition inter- 
val is equal to a given value X depending on the modu- 
lation format. The (1 , X) run-length-limited code is also 
denoted as RLL (1 , X). The state of a current sample of 
an original signal (an input value) and the state of a cur- 
rent sample of a reproduced signal (an output value) re- 
sulting from PR equalization are restricted by the states 
of previous samples. In the input signal, two successive 
samples of "1" will not occur Fig. 9 shows signal state 
transitions available in this case. 

[0056] In Fig. 9, SO, S1, S2, S3, S4, and S5 denote 
signal states determined by immediately-preceding out- 
put values. Transitions from the state S2 will be taken 
as an example. When the input value is "a", the output 
value becomes "1" and a transition to the state S3 from 
the state S2 occurs. When the input value is "0", the out- 
put value becomes "1" and a transition to the state S4 
from the state S2 occurs. Under normal conditions, re- 
garding the state S2, the input value different from "a" 
and "0" does not occur. Thus, the input value different 
from "a" and "0" is an error. 

[0057] Fig. 1 0 shows signal state transitions available 
in.thecase of a (2,X) run-length-limited code rather than 
the (1 , X) run-length-limited code. Here, the (2, X) run- 
length-limited code is prescribed by run-length limiting 
rules such that the minimum transition interval is equal 
to "3", and the maximum transition interval is equal to a 
given value X depending on the modulation format. The 
(2, X) run-length-limited code is also denoted as RLL (2, 
X). The signal state transitions in Fig. 1 0 include neither 
a transition from the state S5 to the state S1 nor a tran- 
sition from the state S2 to the state S4. 
[0058] Fig. 11 shows the relation between the PR 
mode and the decision result value outputted from the 
temporary decision device 51 which occurs when the 
RLL mode (the run-length-limited mode) corresponds to 
RLL (2, X). The RLL mode is represented by the RLL 
mode signal inputted into the temporary decision device 
51 via the terminal 44. The PR mode is represented by 
the PR mode signal inputted into the temporary decision 
device 51 via the terminal 43. The PR mode indicates 
the type of the PR waveform equalization implemented 
by the adaptive equalization circuit 20. The PR mode 
can be changed among identification numbers "1", "2", 
"3", "4", "5", and "6" assigned to PR (1,-1), PR (1, 1, -1, 
-1), PR (1 , 2. -2, -1), PR (1, 3. -3, -1). PR (2, 3, -3, -2), 



and PR (3, 4, -4, -3) respectively. Here, PR (1, -1) is 
known as PR4 (partial response class IV) while PR (1 , 
1 , -1 , -1) is known as EPR4 (extended partial response 
class IV). 

5 [0059] The wavefomn resulting from the PR{a, b, -b, -a) 
equalization takes one of five different values "-(a+b)": "-a", 
"0", "a", and "a+b". In Fig. 11 , the decision result values out- 
putted from the temporary decision device 51 in con^e- 
spondence with these values "-(a+b)", "-a", "0", "a", and 

10 "a+b" are listed for PR (1.-1), PR (1 , 1 , -1 , -1), PR(1,2,-2, 
-1), PR (1 , 3, -3, -1), PR (2, 3, -3, -2), and PR (3. 4, -4, -3). 
[0060] In Fig. 1 1 , PR (1 , -1 ) means PR (a, b, -b, -a) in 
which a=0 and b=1 . The gain or gain factor G is a mul- 
tiplication coefficient A/(a+b) for normalizing the maxi- 

15 mum (a+b) of the absolute decision result value, where 
"A" denotes an arbitrary level. 

[0061] With reference back to Fig. 6, the equalization- 
resultant signal inputted from the transversal filter 21 via 
the terminal 41 is handled as a signal D3 occurring at 

20 the present moment. The present-moment signal D3 is 
applied to the temporary decision device 51 and the sub- 
tracter 52. The peak-point information is fed from the re- 
sampling DPLL section 1 9 to the tap delay circuit 23 via 
the terminal 42. The tap delay circuit 23 defers or delays 

25 the peak-point information by a plurality of different time 
intervals, and thereby converts the peak-point informa- 
tion into different tap delayed signals. The tap delay cir- 
cuit 23 outputs the tap delayed signals to the temporary 
decision device 51 . The temporary decision device 51 

30 implements a temporary decision according to a prede- 
termined algorithm. The temporary decision device 51 
generates a signal representing the result of the tempo- 
rary decision. The temporary decision device 51 outputs 
the temporary decision result signal to the subtracter 52 . 

35 The subtracter 52 receives the present-moment signal 
D3. The device 52 subtracts the temporary decision re- 
sult signal from the present-moment signal D3, thereby 
generating an error signal corresponding to the differ- 
ence therebetween. The subtracter 52 outputs the error 

40 signal to the D flip-flop 53. The D flip-flop 53 latches the 
error signal. The D flip-flop 53 outputs the latched error 
signal to the inverter 25 via the temninal 54. 
[0062] With reference to Figs. 4 and 5, the device 25 
inverts the error signal in polarity. The inverter 25 out- 

45 puts the inversion-resultant errorsignal to the multipliers 
22B, 22C, 22D, 22E, and 22F in the multiplier and LPF 
section 22. The tap output signals of the transversal filler 
21 are applied to the multipliers 22B, 22C, 22D. 22E, 
and 22F in the multiplier and LPF section 22, respec- 

50 lively. The devices 22B, 220= 22D, 22E, and 22F multi- 
ply the respective tap output signals by the inversion- 
resultant error signal. The multipliers 228, 22C, 22D, 
22E, and 22F output the multiplication-resultant signals 
to the low pass filters 22G, 22H. 221, 22J, and 22K, re- 

55 spectively. The low pass filters 22G, 22H. 221, 22J. and 
22K remove high-frequency components from the out- 
put signals of the multipliers 228, 22C, 22D, 22E, and 
22F, and thus process the output signals of the muitipli- 
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ers 22B. 22C. 22D, 22E, and 22F into signals represent- 
ing tap coefficients, respectively. The low pass filters 
22G, 22H. 221, 22J, and 22K output the tap coefficient 
signals to the nnultipliers 21 F. 21G. 21H. 211. and 21J 
within the transversal filter 21 , respectively. The tap co- s 
efficients represented by the output signals of the low 
pass filters 22G, 22H, 221, 22J, and 22K cause the 
equalization by the transversal filter 21 to nullify or min- 
innize the error signal generated by the subtracter 52 
within the tenriporary decision circuit 24. In this way, the io 
tap coefficients used by the transversal filter 21 are con- 
trolled on a feedback basis to nullify or minimize the er- 
ror signal generated by the subtracter 52. 
[0063] The peak-point information whose value PK is 
"1" indicates a peak point. The peak-point information ^5 
value PK being "1" corresponds to the value "a+b" or 
the value "-(a+b)" in Figs. 9 and 10, and occurs in the 
transition from the state SI to the state S2 or the tran- 
sition from. the state S4 to the stale S5. 
[0064] In Figs. 9 and 1 0, the polarity of a peak can be 20 
decided by the polarity of a corresponding sample point. 
In the case where the interval from one peak point to the 
next peak point is known, or in the case where the 
number of transitions occurring for the interval from the 
state S2 to the state S5 or the interval from the state S5 25 
to the state S2 is known, the path is settled and hence 
values to be taken at respective sample points are def- 
inite. In Figs. 9 and 10, the values different from "a-»-b" 
and "-(a+b)" do not correspond to the peak point. For 
the values different from "a+b" and "-(a+b)", the peak- 30 
point information value PK is equal to "0". Two or more 
peak points (PK=1) will not occur in succession. In the 
case of RLL (2, X), at least two "0" points exist between 
two adjacent peak points (PK=1). 

[0065] Fig. 12 is a flowchart of the algorithm of the 35 
temporary decision for RLL (2, X) which is implemented 
by the temporary decision device 51 . The temporary de- 
cision is executed for every period of the bit clock signal. 
The algorithm in Fig. 12 refers to five successive peak- 
point information values PK represented by the output 
signals of the tap delay circuit 23. The central-place val- 
ue (the third-place value) among the five successive 
peak-point information values PK corresponds to a sam- 
ple point of interest. 

[0066] As shown In Fig. 12, a first step 61 of the algo- 45 
rithm decides whether or not five successive peak-point 
informallon values PK represented by the output signals 
of the tap delay circuit 23 are "00000". When the five 
successive peak-point information values PK are 
"00000", the algorithm advances from the step 61 to a so 
step 65. Otherwise, the algorithm advances from the 
step 61 to a step 62. 

[0067] The step 62 decides whether or not the five 
successive peak-point information values PK are 
"00001 When the five successive peak-point infonna- 55 
tion values PK are "00001", the algorithm advances 
from the step 62 to the step 65. Otherwise, the algorithm 
advances from the step 62 to a step 63, 



[0068] The step 63 decides whether or not the five 
successive peak-point infomnation values PK are 
"10000". When the five successive peak-point informa- 
tion values PK are "10000", the algorithm advances 
from the step 63 to the step 65. Otherwise, the algorithm 
advances from the step 63 to a step 64. 
[0069] The step 64 decides whether or not the five 
successive peak-point infonmation values PK are 
"10001". When the five successive peak-point informa- 
tion values PK are "10001", the algorithm advances 
from the step 64 to the step 65. Othenwise, the algorithm 
advances from the step 64 to a step 66. 
[0070] In the case where the five successive peak- 
point information values PK are "00000", "00001", 
"10000^ or "10001", the before-equalization signal 
wavefomn is fixed to a signal level of "0" for a long time 
interval centered at the sample point of interest. Thus, 
in this case, the step 65 sets a temporary decision level 
(a temporary decision value or a temporary decision re- 
sult value) Q to "0". Specifically, the step 65 calculates 
the temporary decision level Q according to the follow- 
ing equation. 

Q-0 (1) 

After the step 65, the current execution cycle of the tem- 
porary decision ends. 

[0071] The step 66 decides whether or not the five 
successive peak-point infonnation values PK are 
"01 01 0". When the five successive peak-point informa- 
tion values PK are "01010", the algorithm advances 
from the step 66 to a step 73. Otherwise, the algorithm 
advances from the step 66 to a step 69. 
[0072] The step 69 decides whether or not the five 
successive peak-point infonnation values PK are 
"01001". When the five successive peak-point informa- 
tion values PK are "01001", the algorithm advances 
from the step 69 to the step 73. Otherwise, the algorithm 
advances from the step 69 to a step 70. 
[0073] The step 70 decides whether or not the five 
successive peak-point infonnation values PK are 
"1001 0". When the five successive peak-point informa- 
tion values PK are "10010", the algorithm advances 
from the step 70 to the step 73. Othenwise. the algorithm 
advances from the step 70 to a step 71 . 
[0074] The step 71 decides whether or not the five 
successive peak-point infonnation values PK are 
"0001 0". When the five successive peak-point informa- 
tion values PK are "00010", the algorithm advances 
from the step 71 to the step 73. Othenwise. the algorithm 
advances from the step 71 to a step 72. 
[0075] The step 72 decides whether or not the five 
successive peak-point infonnation values PK are 
"01000". When the five successive peak-point informa- 
tion values PK are "01000". the algorithm advances 
from the step 72 to the step 73. OthenA/ise, the algorithm 
advances from the step 72 to a step 77. 
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[0076] In the case where the five successive peak- 
point information values PK are "01010", "01001". 
"10010". "00010", or "01 000", the sannple point of inter- 
est (the central sample point) does not correspond to a 
peak while at least one of the two sample points imme- 
diately neighboring the sample point of interest corre- 
sponds to a peak. In this case, the step 73 calculates 
an intermediate value P according to the following equa- 
tion. 

P = a-G (2) 

where G denotes the gain (the gain factor) shown in Fig. 
11, and "a" denotes the value in PR (a, b, -b, -a). The 
values G and "a" are known values designated by the 
PR mode signal and the RLL mode signal. After the step 
73, the algorithm advances to a step 74. 
[0077] In the case where the five successive peak- 
point information values PK differ from "00000", 
"00001", "10000", "10001", "01010", "01001", "10010", 
"00010". and "01000" (for example, in the case 
where the sample point of interest or the central-place 
sample point corresponds to a peak), the step 77 calcu- 
lates the intermediate value P according to the following 
equation. 

P = (a -I- b)»G (3) 

where G denotes the gain (the gain factor) shown in Fig. 
11 - and "a" and "b" denote the values in PR (a, b, -b, -a). 
The values G, "a", and "b" are known values designated 
by the PR mode signal and the RLL mode signal. After 
the step 77, the algorithm advances to the step 74. 
[0078] The step 74 detects the polarity of the present- 
moment signal D3. Specifically, the step 74 decides 
whether or not the present-moment signal D3 is smaller 
than "0". When the present-moment signal D3 is equal 
to or greater than "0", the algorithm advances from the 
step 74 to a step 75. When the present-moment signal 
D3 is smaller than "0", the algorithm advances from the 
step 74 to a step 76. 

[0079] The step 75 sets the temporary decision level 
Q to the value P. In other words, the step 75 executes 
the statement "Q=P". On the other hand, the step 76 
sets the temporary decision level Q to the value -P (the 
value P multiplied by -1). In other words, the step 76 
executes the statement "Q=-P". After the steps 75 and 
76, the current execution cycle of the temporary deci- 
sion ends. 

[0080] The temporary decision device 51 outputs a 
signal representative of the temporary decision level 
(the temporary decision value) Q to the subtracter 52 as 
a temporary decision result signal. The temporary deci- 
sion value Q is determined on the basis of one of the 
previously-indicated equations (1), (2), and (3). Accord- 
ingly, the equalization by the transversal filter 21 is 



based on one of the equations (1), (2), and (3). The 
equalization based on one of the equations (1 ), (2), and 
(3) is periodically executed in response to the polarity of 
the present-moment signal D3 at a timing of the central- 
5 place one (the third-place one) among five successive 
peak-point information values PK. 
[0081] Fig. 13 shows a first example of a before- 
equalization wavefomn (A) represented by a signal in- 
putted into the adaptive equalization circuit 20, and a 
10 first example of an after-equalization waveform or an 
equalization-resultant wavefomn (B) originating from the 
before-equalization waveform (A) and being represent- 
ed by a signal outputted from the adaptive equalization 
circuit 20. In Fig. 13, the character "C denotes sample 
15 points for the PR equalization by the transversal filter 
21 . Fig. 1 3 also shows a first example of a time-domain 
change of the peak-point information value PK which 
corresponds to the before-equalization waveform (A). 
The value PK is represented by the peak-point informa- 
nt? tlon fed to the adaptive equalization circuit 20 from the 
re-sampling DPLL section 1 9. According to the before- 
equalization waveform (A), five successive peak-point 
information values PK change as 

"00000"-^"00001 "-^"0001 0"^"001 00"^"01 000"->"1 0 

25 000". 

[0082] With reference to Fig. 13, when the five suc- 
cessive peak-point information values PK are "00000", 
"10000", or "00001", the equalization result level is set 
to "0" on the basis of the previously-indicated equation 

30 (1). When the five successive peak-point information 
values PK are "01000" or "00010", the polarity of the 
present-moment signal D3 at the timing of the central- 
place one among the five successive peak-point infor- 
mation values PK is positive and hence the equalization 

35 result level is set to "a»G" on the basis of the previously- 
indicated equation (2) and the equation "Q=P". When 
the five successive peak-point information values PK 
are "00100", the polarity of the present-moment signal 
D3 at the timing of the central-place one among the five 

40 successive peak-point information values PK is positive 
and hence the equalization result level is set to "(a-i-b) 
•G" on the basis of the previously-indicated equation (3) 
and the equation "Q=P". Accordingly, the after-equali- 
zation waveform (B) is similar to the before-equalization 

45 waveform (A). 

[0083] Fig. 1 4 shows a second example of the before- 
equalization waveform (A), a second example of the af- 
ter-equalization waveform (B), and a second exarhple 
of the time-domain change of the peak-point information 

50 value PK. According to the before-equalization wave- 
form (A) in Fig. 14, five successive peak-point informa- 
tion values PK change as 

"00100"^"01 000"^"1 0001 "-^"0001 0"-^"001 00". 
[0084] With reference to Fig. 14, when the five suc- 
55 cessive peak-point information values PK assume 
"001 00" for the first time, the polarity of the present-mo- 
ment signal D3 at the timing of the central-place one 
among the five successive peak-point information val- 
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ues PK is positive and hence the equalization result lev- 
el is set to "(a+b)»G" on the basis of the previously-indi- 
cated equation (3) and the equation "Q=P". When the 
five successive peak-point infomnation values PK are 
"01000". the polarity of the present-moment signal D3 5 
at the timing of the central-place one among the five suc- 
cessive peak-point inf omriation values PK is positive and 
hence the equalization result level is set to "a»G" on the 
basis of the previously-indicated equation (2) and the 
equation "Q=P*'. When the five successive peak-point io 
information values PK are "10001", the equalization re- 
sult level is set to "0" on the basis of the previously-in- 
dicated equation (1). When the five successive peak- 
point information values PK are "00010", the polarity of 
the present-moment signal D3 at the timing of the cen- '5 
tral-place one among the five successive peak-point in- 
formation values PK is negative and hence the equali- 
zation result level is set to "-a»G" on the basis of the 
previously-indicated equation (2) and the equation "Q-- 
P". When the five successive peak-point information 20 
values PK assume "001 00" for the second time, the po- 
larity of the present-moment signal D3 at the timing of 
the central-place one among the five successive peak- 
point information values PK is negative and hence the 
equalization result level is set to "-(a+b)»G" on the basis 25 
of the previously-indicated equation (3) and the equa- 
tion "Q=-P". Accordingly, the after-equalization wave- 
form (B) is similar to the before-equalization wavefomn 
(A). 

[0085] Fig. 15 shows a third example of the before- 30 
equalization waveform (A), a third example of the after- 
equalization waveform (B), and a third example of the 
time-domain change of the peak-point information value 
PK. According to the before-equalization waveform (A) 
in Fig. 1 5, five successive peak-point infomnation values 35 
PK change as "01 001 "^"10010". 
[0086] With reference to Fig. 15, when the five suc- 
cessive peak-point infonnation values PK are "01001", 
the polarity of the present-moment signal D3 at the tim- 
ing of the central-place one among the five successive 40 
peak-point information values PK is positive and hence 
the equalization result level is set to "a»G" on the basis 
of the previously-indicated equation (2) and the equa- 
tion "Q=P". When the five successive peak-point infor- 
mation values PK are "10010", the polarity of the 45 
present-moment signal D3 at the timing of the central- 
place one among the five successive peak-point infor- 
mation values PK is negative and hence the equaliza- 
tion result level Is set to "-a»G" on the basis of the pre- 
viously-indicated equation (2) and the equation "Q=:-P". so 
Accordingly, the after-equalization waveform (B) is sim- 
ilar to the before-equalization waveform (A). 
[0087] The waveform equalization is executed in re- 
sponse to five successive peak-point infonnation values 
and also the state transition diagram of Fig. 9 or Fig. 1 0. 55 
Therefore, the executed waveform equalization is less 
adversely affected by the level represented by a current 
signal sample. Thus, the executed waveform equaliza- 



tion is reliable. Furthermore, the executed waveform 
equalization can be changed among different PR equal- 
izations in response to the PR mode signal and the RLL 
mode signal. Operation of the temporary decision de- 
vice 51 for RLL (1, X) Is similar to that for RLL (2, X) 
since the RLL (1 , X) signal state transitions in Fig. 9 are 
similar to the RLL (2, X) signal state transitions in Fig. 1 0. 
[0088] Experiments were carried out. During the ex- 
periments, a test signal of RLL (2, X) was inputted into 
the reproducing apparatus of Fig. 2 for PR (1 , 1, -1 , -1). 
The test signal was processed by the reproducing ap- 
paratus of Fig. 2 into an equalization-resultant signal 
which appeared at the output terminal of the adaptive 
equalization circuit 20. Fig. 1 6 shows time-domain con- 
ditions of the equalization-resultant signal. In Fig. 16, 
the abscissa denotes time elapsed, and the ordinate de- 
notes the quantization levels of signal samples. As 
shown in Fig. 16, samples of the equalization-resultant 
signal quickly converged on five different levels corre- 
sponding to "a+b", "a", "0", "-a", and "-(a-t-b)". 

Second Embodiment 

[0089] Fig. 1 7 shows a portion of a reproducing appa- 
ratus according to a second embodiment of this inven- 
tion. The reproducing apparatus in Fig. 17 is similar to 
the reproducing apparatus in Fig. 4 except that a re- 
sampling DPLL section 19a and an adaptive equaliza- 
tion circuit 20b replace the re-sampling DPLL section 1 9 
and the adaptive equalization circuit 20 (see Fig. 4) re- 
spectively. 

[0090] With reference to Fig. 17. the re-sampling 
DPLL section 19a does not generate peak-point infor- 
mation. The re-sampling DPLL section 1 9a generates a 
main digital signal (a second digital signal) from the out- 
put signal of the AGC circuit 1 SB (see Fig. 2) by a PLL- 
based re-sampling process. The re-sampling DPLL sec- 
tion 19a feeds the main digital signal to a transversal 
filter 21 within the adaptive equalization circuit 20b. 
[0091 ] The adaptive equalization circuit 20b is similar 
to thei adaptive equalization circuit 20 (see Figs. 2 and 
4) except for the following point. The adaptive equaliza- 
tion circuit 20b includes a peak detector 26. The input 
terminal of the peak detector 26 is connected to the out- 
put terminal of the transversal filter 21 . The output ter- 
minal of the peak detector 26 is connected to the input 
terminal of a tap delay circuit 23, 

[0092] The peak detector 26 calculates the slope (dif- 
ferential) of the level represented by the output signal 
of the transversal filter 21 on the basis of two successive 
samples thereof. The peak detector 26 senses every in- 
version of the polarity of the calculated slope. The peak 
detector 26 examines the two slopes at sample points 
immediately preceding and immediately following the 
polarity-inversion moment respectively. The peak de- 
tector 26 selects one from the two slopes which is closer 
to "0". The peak detector 26 sets a peak-point infomna- 
tion value PK to "1" for the selected slope. The peak 
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detector 26 sets the peak-point information value PK to 
"0" for the other slope (the unselected slope). I n the ab- 
sence of a sensed polarity inversion, the peal< detector 
26 continuously sets the peal<-point infomnation value 
PK to "0". Thus, the peak detector 26 generates peak- 
point infomnation representing the value PK. The peak 
detector 26 outputs the peak-point infomnation to the tap 
delay circuit 23. 

Third Embodiment 

[0093] Fig. 1 8 shows a portion of a reproducing appa- 
ratus according to a third embodiment of this invention. 
The^reproducing apparatus in Fig. 18 is similar to the 
reproducing apparatus in Fig. 2 except for design 
changes mentioned hereinafter. The reproducing appa- 
ratus in Fig. 1 8 includes an A/D converter 1 8A, an AGC 
circuit 1 8B, and a DC controller 1 8C which successively 
follow an optical head 16 in that order. The output ter- 
minal of the DC controller 1 8C is connected to the input 
terminal of a transversal filter 21 within an adaptive 
equalization circuit 20. 

[0094] The A/D converter 1 8A receives the output sig- 
nal of the optical head 1 6. The A/D converter 1 8A chang- 
es the output signal of the optical head 1 6 into a corre- 
sponding digital signal (a first digital signal). Specifically, 
the A/D converter 18A periodically samples the output 
signal of the optical head 16 in response to a system 
clock signal, and converts every resultant sample into a 
digital sample. The A/D converter 1 8A outputs the digital 
signal to the AGC circuit 1 8B. The AGC circuit 1 8B sub- 
jects.the output signal of the A/D converter 18A to au- 
tomatic gain control for providing a constant signal am- 
plitude on a digital basis. The AGC circuit 1 88 outputs 
the resultant digital signal to the DC controller 1 8C. The 
DC controller 1 8C subjects the output signal of the AGC 
circuit 1 88 to ATC (automatic threshold control) . The DC 
controller 1 8C outputs the control-resultant signal to the 
transversal filter 21 within the adaptive equalization cir- 
cuit 20. 

[0095] The reproducing apparatus in Fig. 18 includes 
a peak detection and phase comparison circuit 31. a 
loop filter 32, and a voltage-controlled oscillator (VCO) 
33 which are connected in a closed loop in that order. 
The circuit 31 detects every peak point of the output sig- 
nal of the transversal filter 21 . The circuit 31 compares 
the phase of the detected peak point and the phase of 
a system clock signal fed from the VCO 33, and gener- 
ates a phase error signal in response to the result of the 
phase comparison. The circuit 31 outputs the phase er- 
ror signal to the loop filter 32. The loop filter 32 converts 
the phase error signal into a control voltage. The loop 
filter 32 outputs the control voltage to the VCO 33. The 
VCO 33 oscillates at a frequency determined by the con- 
trol voltage, and thereby generates the system clocksig- 
nal. The VCO 33 outputs the system clock signal to the 
A/D converter 1 8A and other devices and circuits within 
the reproducing apparatus. The system clock signal 



may include a bit clock signal. 

[0096] In addition, the circuit 31 generates peak-point 
information in response to the detected peak point. The 
circuit 31 outputs the peak-point information to a tap de- 
5 lay circuit 23 within the adaptive equalization circuit 20. 

Fourth Embodiment 

[0097] Fig. 1 9 shows a portion of a reproducing appa- 
10 ratus according to a fourth embodiment of this invention. 
The reproducing apparatus in Fig. 19 is similar to the 
reproducing apparatus in Fig. 2 except for design 
changes mentioned hereinafter. The reproducing appa- 
ratus in Fig. 19 includes an AGC circuit 18D and an A/ 
15 D converter 1 BE which successively follow a DC block- 
ing circuit 17 in that order 

[0098] The reproducing apparatus in Fig. 19 includes 
an adaptive equalization circuit 20d instead of the adap- 
tive equalization circuit20 (see Figs. 2 and 4). The adap- 

20 tive equalization circuit 20d is similar to the adaptive 
equalization circuit 20 except that a peak detector 27 is 
provided therein. The input terminal of the peak detector 
27 is connected to the output terminal of the A/D con- 
verter 1 8E. The output temninal of the peak detector 27 

2s is connected to the input terminal of a tap delay circuit 
23. The input terminal of a transversal filter 21 is con- 
nected to the output terminal of the A/D converter 1 8E. 
[0099] The AGC circuit 1 8D receives the output signal 
of the DC blocking circuit 1 7. The AGC circuit 1 BD sub- 

30 jects the output signal of the DC blocking circuit 17 to 
automatic gain control for providing a constant signal 
amplitude on an analog basis. The AGC circuit 1 8D out- 
puts the resultant signal to the A/D converter 1 8E. The 
/VD converter IBEchangesthe output signal of the AGC 

35 circuit 18D into a corresponding digital signal. Specifi- 
cally, the A/D converter 18E periodically samples the 
output signal of the AGC circuit 18D in response to a 
system clock signal, and converts every resultant sam- 
ple into a digital sample. The /VD converter 1 BE outputs 

40 the digital signal to the transversal filter 21 and the peak 
detector 27 within the adaptive equalization circuit 20d. 
[01 00] The peak detector 27 calculates the slope (dif- 
ferential) of the level represented by the output signal 
of the /VD converter 1 BE on the basis of two successive 

45 samples thereof. The peak detector 27 senses every in- 
version of the polarity of the calculated slope. The peak 
detector 27 senses a sample point immediately preced- 
ing the sample point corresponding to the sensed polar- 
ity inversion. The peak detector 27 sets a peak-point in- 

50 formation value PK to "1 " for the sensed sample point. 
The peak detector 27 sets the peak-point information 
value PK to "0" for the other sample points. Thus, the 
peak detector 27 generates peak-point information rep- 
resenting the value PK. The peak detector 27 outputs 

55 the peak-point information to the tap delay circuit 23. 
[01 01 ] The reproducing apparatus in Fig. 19 includes 
a phase comparator 35, a loop filter 36. and a voltage- 
controlled oscillator (VCO) 37 which are connected in a 
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closed loop in that order. The phase comparator 35 re- 
ceives the output signal of the AGC circuit 1 8D. The de- 
vice 35 compares the phase of the output signal of the 
AGC circuit 1 8D and the phase of a system clock signal 
fed from the VCO 37, and generates a phase error signal 5 
in response to the result of the phase comparison. The 
phase comparator 35 outputs the phase error signal to 
the loop filter 36. The loop filter 36 converts the phase 
error signal into a control voltage. The loop filter 36 out- 
puts the control voltage to the VCO 37. The VCO 37 w 
oscillates at a frequency determined by the control volt- 
age, and thereby generates the system clock signal. 
The VCO 37 outputs the system clock signal to the A/D 
converter 18E and other devices and circuits within the 
reproducing apparatus. The system clock signal may in- i5 
elude a bit clock signal. 

Fifth Embodiment 

[0102] A fifth embodiment of this invention is similar 20 
to one of the first, second, third, and fourth embodiments 
thereof except for design changes mentioned below. In 
the fifth embodiment of this invention, a temporary de- 
cision device 51 (see Fig, 5) refers to only three succes- 
sive peak-point information values PK. The central- 25 
place value (the second-place value) among the three 
successive peak-point information values PK corre- 
sponds to a sample point of interest. 
[01 03] Fig. 20 is a flowchart of an algorithm of a tem- 
porary decision by the temporary decision device 51 in 30 
the fifth embodiment of this invention. The temporary 
decision is executed for every period of a bit clock signal. 
[0104] As shown in Fig. 20, a first step 81 of the algo- 
rithm decides whether or not three successive peak- 
point infomnatlon values PK represented by output sig- 35 
nals of a tap delay circuit 23 (see Fig. 5) are "000". When 
the three successive peak-point information values PK 
are "000", the algorithm advances from the step 81 to a 
step 82. Otherwise, the algorithm advances from the 
step 81 to a step 83. 40 
[01 05] In the case where the three successive peak- 
point information values PK are "000", the before-equal- 
ization signal waveform is fixed to a signal level of "0" 
for a long time interval centered at the sample point of 
Interest. Thus, In this case, the step 82 sets a temporary 
decision level (a temporary decision value or a tempo- 
rary decision result value) Q to "0" according to the pre- 
viously-indicated equation (1). After the step 82, the cur- 
rent execution cycle of the temporary decision ends. 
[01 06] The step 83 decides whether or not the three so 
successive peak-point information values PK are "1 01 
When the three successive peak-point information val- 
ues PK are " 101", the algorithm advances from the step 
83 to a step 86. Otherwise, the algorithm advances from 
the step 83 to a step 87. 55 
[0107] The step 87 decides whether or not the three 
successive peak-point information values PK are "1 00". 
When the three successive peak-point information val- 



ues PK are "1 00". the algorithm advances from the step 

87 to the step 86. Othenwise, the algorithm advances 
from the step 87 to a step 88. 

[0108] The step 88 decides whether or not the three 
successive peak-point information values PK are "001". 
When the three successive peak-point infomnation val- 
ues PK are "001 ", the algorithm advances from the step 

88 to the step 86. Otherwise, the algorithm advances 
from the step 88 to a step 92. 

[0109] In the case where the three successive peak- 
point information values PK are "101", "100", or "001", 
the sample point of interest (the central sample point) 
does not correspond to a peak while at least one of the 
two sample points immediately neighboring the sample 
point of interest corresponds to a peak. In this case, the 
step 86 sets an intermediate value P to "a»G" according 
to the previously-indicated equation (2). After the step 
86, the algorithm advances to a step 89. 
[0110] In the case where the three successive peak- 
point information values PK differ from "000", "101", 
"100", and "001" (for example, in the case where the 
sample point of interest or the central-place sample 
point corresponds to a peak), the step 92 sets the inter- 
mediate value P to "(a+b)»G" according to the previous- 
ly-indicated equation (3). After the step 92, the algorithm 
advances to the step 89. 

[0111] The step 89 detects the polarity of the present- 
moment signal D3. Specifically, the step 89 decides 
whether or not the present-moment signal D3 is smaller 
than "0". When the present-moment signal D3 is equal 
to or greater than "0", the algorithm advances from the 
step 89 to a step 91 . When the present-moment signal 
D3 is smaller than "0", the algorithm advances from the 
step 89 to a step 90. The step 91 sets a temporary de- 
cision level (a temporary decision value or a temporary 
decision result value) Q equal to the value P In other 
words, the step 91 executes the statement "Q=P". On 
the other hand, the step 90 sets the temporary decision 
level Q equal to the value -P (the value P multiplied by 
-1). In other words, the step 90 executes the statement 
"Q=-P". After the steps 90 and 91 , the current execution 
cycle of the temporary decision ends. 
[0112] The temporary decision device 51 outputs a 
signal representative of the temporary decision level 
(the temporary decision value) Q to the subtracter 52 as 
a temporary decision result signal. The temporary deci- 
sion value Q is detennined on the basis of one of the 
previously-indicated equations (1), (2), and (3). Accord- 
ingly, the equalization by the transversal filter 21 is 
based on one of the equations (1), (2), and (3). The 
equalization based on one of the equations (1 ), (2), and 
(3) is periodically executed in response to the polarity of 
the present-moment signal D3 at a timing of the central- 
place one (the second-place one) among three succes- 
sive peak-point information values PK. 
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Sixth Embodiment 

[0113] Fig. 21 shows a portion of a reproducing appa- 
ratus according to a sixth embodinnent of this invention. 
The reproducing apparatus in Fig. 21 is sinnilar to the 
reproducing apparatus in Fig. 4 except that a peak de- 
tector 28 is provided, and a re-sampling DPLL section 
1 9a replaces the re-sampling DPLL section 1 9 (see Fig. 
4). 

[0114] With reference to Fig. 21, the re-sampling 
DPLL section 19a does not generate peak-point infor- 
mation. The re-sampling DPLL section 19a generates a 
second digital signal (a main digital signal) from the out- 
put signal of an AGC circuit 1 BB (see Fig. 2) by a PLL- 
based re-sampling process. The re-sampling DPLL sec- 
tion 19a outputs the second digital signal (the main dig- 
ital signal) to a transversal filter 21 within the adaptive 
equalization circuit 20. 

[0115] The input terminal of the peak detector 28 is 
connected to the output temninal of the re-sampling 
DPLL section 1 9a. The output terminal of the peak de- 
tector28 is connected to the input terminal of a tap delay 
circuit 23 within the adaptive equalization circuit 20. 
[01 1 6] The peak detector 28 receives the output sig- 
nal of the re-sampling DPLL section 19a, that is, the 
main digital signal orthe second digital signal. The peak 
detector 28 calculates the slope (differential) of the level 
represented by the output signal of the re-sampling 
DPLL section 19a on the basis of two successive sam- 
ples thereof. The peak detector 28 senses every inver- 
sion of the polarity of the calculated slope. The peak de- 
tector 28 examines the two slopes at sample points im- 
mediately preceding and immediately following the po- 
larity-inversion moment respectively. The peak detector 
28-selects one from the two slopes which is closer to 
"0"; The peak detector 28 sets a peak-point information 
value PK to *'1 " for the selected slope. The peak detector 
28 sets the peak-point information value PK to "0" for 
the other slope (the unselected slope). In the absence 
of a sensed polarity inversion , the peak detector 28 con- 
tin uously sets the peak-point information value PK to 
"0". Thus, the peak detector 28 generates peak-point 
information representing the value PK. The peak detec- 
tor 28 outputs the peak-point information to the tap delay 
circuit 23. 

Seventh Embodiment 

[0117] In general, the wavefomns of signals repro- 
duced from optical discs are of two types, that is, an in- 
tegral type and a differential type (a dehvative type). A 
seventh embodiment of this invention is designed to 
handle not only an integral-type reproduced signal but 
also a differential-type reproduced signal. The integral- 
type reproduced signal and the differential-type repro- 
duced signal handled by the seventh embodiment of this 
invention may originate from first information and sec- 
ond information recorded on a single optical disc. 



[0118] Fig. 22 shows a reproducing apparatus ac- 
cording to the seventh embodiment of this invention. 
The reproducing apparatus in Fig. 22 is similar to the 
reproducing apparatus in Fig. 2 except that a re-sam- 

5 pling DPLL section 19f, an adaptive equalization circuit 
20f, and a decoding circuit 38f replace the re-sampling 
DPLL section 19, the adaptive equalization circuit 20, 
and the decoding circuit 38 (see Fig. 2) respectively. 
[0119] The re-sampling DPLL section 19f, the adap- 

10 tive equalization circuit 20f, and the decoding circuit 38f 
receive a characteristic mode signal from a suitable de- 
vice (not shown). The characteristic mode signal indi- 
cates whether the waveform of a signal reproduced from 
an optical disc 1 5 is of the integral type orthe differential 

75 type. The re-sampling DPLL section 19f, the adaptive 
equalization circuit 20f , and the decoding circuit 38f re- 
spond to the characteristic mode signal. Thus, the op- 
eration of the re-sampling DPLL section 19f, the adap- 
tive equalization circuit 20f, and the decoding circuit 38f 

20 is controlled depending on whether the waveform of a 
signal reproduced from the optical disc 15 is of the inte- 
gral type or the differential type. 

[0120] The re-sampling DPLL section 19f converts 
the output signal (the first digital signal) of an AGC circuit 

25 18B into a second digital signal by a re-sampling proc- 
ess, A timing related to samples of the output signal (the 
first digital signal) of the AGC circuit 18B is determined 
by a system clock signal. A timing related to samples of 
the second digital signal is determined by a bit clock sig- 

30 nal synchronized with the system clock signal. During 
the re-sampling process, the re-sampling DPLL section 
19f generates samples of the second digital signal from 
samples of the first digital signal through at least one of 
interpolation and decimation. 

35 [0121] The re-sampling DPLL section 19f includes 
two digital PLL (phase locked loop) circuits each having 
a closed loop. Each of the two digital PLL circuits in the 
re-sampling DPLL section 19f generates a second dig- 
ital signal on the basis of the output signal of the AGC 

40 circuit 18B. The second digital signal relates to a sam- 
pling frequency equal to a bit clock frequency. Specifi- 
cally, samples of the second digital signal are generated 
from samples of the output signal of the AGC circuit 1 88 
through a PLL re-sampling process based on at least 

45 one of Interpolation and decimation. 

[0122] The two digital PLL circuits in the re-sampling 
DPLL section 19f include a zero-cross detector and a 
peak detector, respectively. One of the second digital 
signals generated by the respective digital PLL circuits 

50 is selected in response to the characteristic mode sig- 
nal. Specifically, the second digital signal generated by 
the digital PLL circuit including the zero-cross detector 
is selected when the characteristic mode signal indi- 
cates that the wavefonn of a signal reproduced from the 

55 optical disc 1 5 is of the integral type. The second digital 
signal generated by the digital PLL circuit including the 
peak detector is selected when the characteristic mode 
signal indicates that the waveform of a signal repro- 
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duced from the optical disc 1 5 is of the differential type. 
The re-sampling DPLL section 19f outputs the selected 
second digital signal to the adaptive equalization circuit 
20f. The second digital signal is also referred to as the 
main digital signal or the main output signal of the re- 
sampling DPLL section 19f. 

[0123] The zero-cross detector in the corresponding 
digital PLL circuit within the re-sampling DPLL section 
1 9f senses every point (every zero-cross point) at which 
the level represented by a stream of 0**-phase-point data 
samples (mentioned later) crosses a zero level. The ze- 
ro-cross detector generates 0-point information repre- 
sentative of every sensed point. Specifically, the zero- 
cross detector decides whether or not every 0*-phase- 
point data sample corresponds to a zero-cross point. 
The zero-cross detector generates 0-point information 
in response to the result of the decision. The value Z 
represented by the 0-point information is "1" for each 
data sample corresponding to a zero-cross point. The 
0-point information value Z is "0" for other data samples. 
In the present digital PLL circuit within the re-sampling 
DPLL section 19f, the timing of the re-sampling or the 
frequency and phase of the re-sampling are locked so 
that the levels represented by zero-crosspoint-corre- 
sponding samples of the second digital signal will be 
equal to "0". 

[0124] The peak detector in the corresponding digital 
PLL circuit within the re-sampling DPLL section 19f 
senses every point (every peak point) at which the level 
represented by the second digital signal (the re-sam- 
pling-resultant signal) peaks in a positive side or a neg- 
ative side. The peak detector generates peak-point in- 
formation representative of every sensed point. Specif- 
ically, the peak detector decides whether or not every 
sample of the second digital signal corresponds to a 
positive or negative peak. Here, "negative peak" means 
"valley". The result of the decision is used in generating 
the peak-point infomnation. The value PK represented 
by the peak-point infomnation is "1 " for each data sample 
corresponding to a positive or negative peak. The peak- 
point information value PK is "0" for other data samples. 
In the present digital PLL circuit within the re-sampling 
DPLL section 19f, the timing of the re-sampling or the 
frequency and phase of the re-sampling are locked so 
that the levels represented by positive-peak-point-cor- 
responding samples of the second digital signal will be 
maximized and the levels represented by negative- 
peak-point-corresponding samples of the second digital 
signal will be minimized. 

[01 25] In the re-sampling D PLL section 1 9f , one of the 
0-point infomnation and the peak-point information gen- 
erated by the zero-cross detector and the peak detector 
is selected in response to the characteristic mode sig- 
nal. Specificaily, when the characteristic mode signal in- 
dicates that the waveform of a signal reproduced from 
the optical disc 15 is of the integral type, the 0-point in- 
formation is selected. In this case, the re-sampltng DPLL 
section 1 9f outputs the 0-point information to the adap- 



tive equalization circuit 20f as a sub output signal or 
point infonmation. On the other hand, when the charac- 
teristic mode signal indicates that the waveform of a sig- 
nal reproduced from the optical disc 15 is of the differ- 

5 ential type, the peak-point information is selected. In this 
case, the re-sampling DPLL section 19f outputs the 
peak-point information to the adaptive equalization cir- 
cuit 20f as a sub output signal or point information. 
[0126] As shown in Fig. 23, the re-sampling DPLL 

10 section 1 9f includes a first PLL circuit 1 9P, a second PLL 
circuit 19Q, and switches 19R and 19S. The first and 
second PLL circuits 1 9P and 1 9Q follow the AGC circuit 
1 8B. The first and second PLL circuits 1 9P and 1 9Q are 
connected to the switches 19R and 19S. The switches 

15 1 9R and 1 9S are connected to the adaptive equalization 
circuit 20f . 

[0127] The first PLL circuit 19P in the re-sampling 
DPLL section 19f includes an interpolator 19A, a phase 
detector 1 9B, a loop filler 1 9C, and a timing signal gen- 
20 erator 19D which are connected in a closed loop in that 
order. The interpolator 1 9A receives the output signal of 
the AGC circuit 18B. The first PLL circuit 19P is similar 
In structure and operation to the re-sampling DPLL sec- 
tion 19 in Fig. 3. Thus, the first PLL circuit 19P generates 
25 a second digital signal (a main digital signal) and peak- 
point information on the basis of the output signal of the 
AGC circuit 18B. The first PLL circuit 19P outputs the 
second digital signal (the main digital signal) to the 
switch 1 9R. The first PLL circuit 19P outputs the peak- 
30 point information to the switch 19S. 

[01 28] The second PLL circuit 1 9Q in the re-sampling 
DPLL section 19f includes an interpolator 19E, a phase 
detector 1 9F, a loop filter 1 9G, and a timing signal gen- 
erator 1 9H which are connected in a closed loop in that 
35 order. The interpolator 1 9E receives the output signal of 
the AGC circuit 1 8B. The interpolator 19E receives data 
point phase information and the bit clock signal from the 
timing signal generator 19H. The interpolator 19E esti- 
mates 0**-phase-point data samples from samples of the 
40 output signal of the AGC circuit 18B through interpola- 
tion responsive to the data point phase information and 
the bit clock signal. Here, "phase" is defined relative to 
the bit clock signal. The interpolator 1 9E outputs the es- 
timated O^-phase-point data samples to the phase de- 
45 tector19F. 

[0129] In the second PLL circuit 19Q, the phase de- 
tector 19F generates 180**-phase-point data samples 
from the 0°-phase-point data samples. Specifically, the 
phase detector 19F calculates a mean of a current 0**- 
50 phase-point data sample and an immediately preceding 
O^-phase-point data sample, and uses the calculated 
mean as a current 180**-phase-point data sample. The 
phase detector 19F outputs the 180**-phase-point data 
samples to the switch 1 9R as a second digital signal (a 
55 main digital signal). The phase detector 19F includes a 
zero-cross detector for sensing zero -cross points from 
the 0®-phase-point data samples. The phase detector 
19F detects a phase error in response to each of the 



25 



30 



35 



18 



BNSOCXIID: <EP 1 174877A2J_> 



35 



EP1 174 877 A2 



36 



sensed zero-cross points. Specifically, the zero-cross 
detector in tlie phase detector 19F senses a zero-cross 
point by referring to a current 0*'-phase-point data sam- 
ple and an innmediately preceding 0**-phase-point data 
sample. When a zero-cross point is sensed, the phase 
detector 19F multiplies the polarity of the immediately 
preceding 0**-phase-point data sample by a mean of the 
current 0°-phase-point data sample and the immediate- 
ly preceding 0°-phase-point data sample. The phase 
detector 19F uses the multiplication result as a phase 
error. The zero-cross detector in the phase detector 1 9F 
generates 0-point information representing the sensed 
zero-cross points. The phase detector 1 9F outputs the 
0-point information (the sub output signal) to the switch 
19S;The phase detector 19F generates a signal repre- 
senting the phase error The phase detector 1 9F outputs 
the phase error signal to the loop filter 19G. The loop 
filter 19G integrates the phase error signal. The loop fil- 
ler 19G outputs the Integration-resultant signal to the 
timing signal generator 1 9H. Thetiming signal generator 
1 9H produces the data point phase information and the 
bit clock signal in response to the output signal of the 
loop filter 19G. Thus, the data point phase information 
and the bit clock signal are controlled in response to the 
phase error signal, that is, each sensed zero-cross 
point. This control is designed to implement frequency 
and phase lock. Specifically, the frequency and phase 
of the re-sampling by the interpolator 1 9E are locked so 
that the levels represented by zero-cross-point-corre- 
sponding samples of the second digital signal will be 
equal to "0". 

[01 30] The switch 1 9R receives the second digital sig- 
nals from the first and second PLL circuits 1 9P and 1 9Q. 
The switch 1 9R receives the characteristic mode signal. 
The switch 1 9R selects one of the second digital signals 
In response to the characteristic mode signal. Specifi- 
cally, the switch 19R selects the second digital signal 
from the first PLL circuit 19P when the characteristic 
mode signal indicates that the wavefonn of a signal re- 
produced from the optical disc 15 is of the differential 
type. The switch 19R selects the second digital signal 
from the second PLL circuit 1 9Q when the characteristic 
mode signal indicates that the wavefonn of a signal re- 
produced from the optical disc 1 5 is of the integral type. 
The switch 1 9R outputs the selected second digital sig- 
nal to a transversal filter 21 (see Fig. 24) within the adap- 
tive equalization circuit 20f. 

[0131] The switch 19S receives the peak-point infor- 
mation from the first PLL circuit 1 9 P. The switch 1 9S re- 
ceives the 0-point information from the second PLL cir- 
cuit 19Q. The switch 19S receives the characteristic 
mode signal. The switch 19S selects one of the peak- 
point information and the 0-point information in re- 
sponse to the characteristic mode signal. Specifically, 
the switch 1 9S selects the peak-point information when 
the characteristic mode signal indicates that the wave- 
form of a signal reproduced from the optical disc 15 is 
of the differential type. The switch 19S selects the 



0-point information when the characteristic mode signal 
indicates that the waveform of a signal reproduced from 
the optical disc 1 5 is of the integral type. The switch 1 9S 
outputs the selected point information to a tap delay cir- 
5 cult 23 (see Fig. 24) within the adaptive equalization cir- 
cuit 20f. 

[0132] The adaptive equalization circuit 20f subjects 
the main output signal of the re-sampling DPLL section 
19f (that is, the second digital signal outputted from the 

10 re-sampling DPLL section 19f) to automatic waveform 
equalization in response to the characteristic mode sig- 
nal and the point infomnation fed from the re-sampling 
DPLL section 1 9f . The automatic waveform equalization 
corresponds to a process of providing the signal in ques- 
ts tion with a partial-response (PR) characteristic deter- 
mined by the characteristic mode signal. The adaptive 
equalization circuit 20f outputs the equalization-result- 
ant signal to a decoding circuit 38f. 
[0133] The adaptive equalization circuit 20f includes 

20 a transversal filter 21 (see Fig. 24) for implementing 
waveform equalization responsive to tap coefficients. 
The adaptive equalization circuit 20f also includes a 
temporary decision circuit 24A (see Fig. 24) for imple- 
menting a temporary decision, and for generating an er- 

25 ror signal between a temporary decision result signal 
and the equalization-resultant signal. The tap coeffi- 
cients used by the transversal filter 21 are controlled in 
response to the error signal on a feedback basis so as 
to nullify or minimize the error signal. 

30 [01 34] The decoding circuit 38f recovers original data 
from the output signal of the adaptive equalization circuit 
20f through a viterbi decoding process responsive to the 
characteristic mode signal. Thus, the viterbi decoding 
process by the decoding circuit 38f is changed in re- 

35 sponse to the characteristic mode signal. The decoding 
circuit 38f outputs the recovered data to an ECC (error 
checking and correcting) circuit 39. 
[0135] The decoding circuit 38f includes a memory 
loaded with a plurality of candidate recovered data piec- 

40 es. Also, the decoding circuit 38f includes a section for 
calculating branch metric values from samples of the 
output signal of the adaptive equalization circuit 20f. 
Furthermore, the decoding circuit 38f includes a section 
for accumulating the branch metric values into path met- 

45 ric values respectively. The path metric values relate to 
the candidate recovered data pieces respectively. In ad- 
dition, the decoding circuit 38f includes a section for de- 
tecting the minimum value among the path metric val- 
ues, and generating a selection signal corresponding to 

50 the detected minimum path metric value. The selection 
signal Is applied to the memory. One of the candidate 
recovered data pieces which corresponds to the mini- 
mum path metric value is elected in response to the se- 
lection signal being outputted from the memory as the 

55 recovered data. 

[01 36] Fig. 24 shows the details of the adaptive equal- 
ization circuit 20f. The adaptive equalization circuit 20f 
in Fig. 24 is similar to the adaptive equalization circuit 
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20 in Fig. 4 except that a temporary decision circuit 24A 
replaces the tennporary decision circuit 24 (see Fig. 4). 
As shown in Fig. 24, the temporary decision circuit 24A 
receives the characteristic mode signal. The temporary 
decision circuit 24A responds to the characteristic mode 
signal. In other points, the temporary decision circuit 
24A is basically similar to the temporary decision circuit 
24 (see Fig. 4). 

[0137] Fig. 25 shows the details of the temporary de- 
cision circuit 24A. The temporary decision circuit 24A in 
Fig. 25 includes a temporary decision device 51 A which 
replaces the temporary decision device 51 (see Fig. 6). 
As shown in Fig. 25, a delay adjuster 23A in the tempo- 
rary decision circuit 24A receives the point information 
from the re-sampling DPLL section 1 9f via a temninal 42. 
The delay adjuster 23A operates to adjust delay time of 
the point information. The temporary decision device 
51 A receives the characteristic mode signal via a termi- 
nal 47. The temporary decision device 51 A responds to 
the characteristic mode signal. In other points, the tem- 
porary decision device 51 A is similar to the temporary 
decision device 51 (see Fig. 6). 

[0138] Integral-type partial-response (PR) character- 
istics will be explained below. When an integral-type iso- 
lated waveform in Fig. 26 is subjected to equalization 
accorded with the characteristic of PR (a, b, b, a), the 
equalization-resultant waveform in Fig. 27 is provided. 
A waveform resulting from the PR (a, b, b, a) equaliza- 
tion of a continuous waveform takes one of seven dif- 
ferent values, that is, "0", "a", "a-hb". "2a", "2b". "a+2b". 
and "2a+2b". It is assumed that the 7-value signal of the 
(1, X) run-length-limited code is inputted into a viterbi 
decoder. The state of a current sample of an original sig- 
nal (an input value) and the state of a current sample of 
a reproduced signal (an output value) resulting from PR 
equalization are restricted by the states of previous 
samples. In the input signal, two successive samples of 
"1" will not occur. Fig. 28 shows signal state transitions 
available in this case. 

[0139] In Fig. 28, ASO, AS1 , AS2, AS3, AS4. and AS5 
denote signal states determined by immediately-pre- 
ceding output values. Transitions from the state AS2 will 
be taken as an example. When the input value is "a-i-2b", 
the output value becomes "1" and a transition to the 
state AS3 from the state AS2 occurs. When the Input 
value is "2b", the output value becomes "1" and a tran- 
sition to the slate AS4 from the stale AS2 occurs. Under 
normal conditions, regarding the state AS2, the input 
value different from "a-i-2b" and "2b" does not occur. 
Thus, the input value different from "a+2b" and "2b" is 
an error. 

[01 40] Fig. 29 shows signal state transitions available 
in the case of a (2, X) run-length-Mmited code rather than 
the (1 , X) run-length-Hmited code. The signal state tran- 
sitions in Fig. 29 include neither a transition from the 
state ASS to the state AS 1 nor a transitio n from the state 
AS2 to the state AS4. 

[0141] Fig. 30 shows the relation among the integral- 



type PR mode, the RLL mode (the run-length-limited 
mode), and the decision result value outputted from the 
temporary decision device 51 A. The integral-type PR 
mode is represented by a PR mode signal inputted into 

5 the temporary decision device 51 A via a temninal 43. 
[0142] With reference to Fig, 30, the integral-type PR 
mode can be changed among identification numbers 
"1", "2". "3", "4". "5". and "6" assigned to PR (1,1). PR 
(1, 1, 1. 1), PR (1, 2. 2, 1), PR (1.3, 3, 1), PR (2. 3, 3. 

10 2), and PR (3, 4, 4, 3) respectively The RLL mode can 
be changed between RLL (1. X) and RLL (2, X). Here. 
RLL (1 . X) means run-length limiting rules such that the 
minimum transition interval is equal to "2", and the max- 
imum transition interval is equal to a given value X de- 

is pending on the modulation formaL On the other hand, 
RLL (2, X) means run-length limiting rules such that the 
minimum transition interval is equal to "3", and the max- 
imum transition interval is equal to a given value X de- 
pending on the modulation formal. 

20 [0143] In the case of RLL (1 , X), the waveform result- 
ing from the PR (a, b, b, a) equalization takes one of 
seven different values "0". "a", "a+b", "2a". "2b", "a+2b". 
and "2a+2b". In Fig. 30, the decision result values out- 
putted from the temporary decision device 51 A in cor- 

25 respondence with these values "0", "a", "a+b", "2a", 
"2b", "a+2b", and "2a+2b" are listed for PR (1,2, 2, 1). 
PR (1 , 3. 3, 1), PR (2, 3, 3, 2). and PR (3, 4, 4, 3). Each 
of the related cells indicates two decision result values, 
that is, a left-hand value and a right-hand value. The left- 

30 hand value is a non-offset decision result value while 
the right-hand value is a decision result value provided 
by an offset for equalizing the central value "a+b" to "0". 
The decision result values for RLL (2, X) are similar to 
those for RLL (1 . X) except for the following point In the 

35 case of RLL (2. X). the equalization-resultant waveform 
takes neither the value "2a" nor the value "2b". Accord- 
ingly, the decision result values corresponding to the 
values "2a" and "2b" are absent from the case of RLL 
(2. X). 

40 [0144] In Fig. 30, PR (1. 1) means PR (a, b, b. a) in 
which a=0 and b=1 . The gain or gain factor G is a mul- 
tiplication coefficient A/(a+b)* for normalizing the maxi- 
mum (a+b)* of the absolute after-offset decision result 
value, where "A" denotes an arbitrary level. 

45 [0145] The PR mode signal inputted into the tempo- 
rary decision device 51 A represents not only the inte- 
gral-type PR mode but also the differential-type PR 
mode. Examples of the differential-type PR mode are 
PR (1,-1), PR (1. 1, -1, -1). PR (1 , 2, -2. -1). PR (1,3,- 

50 3, -1). PR (2. 3. -3. -2). and PR (3, 4, -4. -3). The relation 
among the differential-type PR mode, the RLL mode, 
and the decision result value outputted from the tempo- 
rary decision device 51 A is similar to that in the first em- 
bodiment of this invention (see Fig. 11). 

55 [0146] With reference back to Fig. 25, the temporary 
decision device 51 A receives the equalization-resultant 
signal from the transversalf liter 21 in the adaptive equal- 
ization circuit 20f. The temporary decision device 51 A 
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receives the output signals of the tap delay circuit 23 
which represent successive samples of the selected 
point infomnation. The temporary decision device 51 A 
receives the PR mode signal and the RLL mode signal. 
The temporary decision device 51 A implements a tem- 
porary decision in response to the received signals ac- 
cording to an algorithm. As previously mentioned, the 
temporary decision device 51 A receives the character- 
istic mode signal. The temporary decision algorithm is 
changed between one for an integral-type reproduced 
signal and one for a differential-type reproduced signal 
in response to the characteristic mode signal. Specifi- 
cally, the integral-type-signal algorithm is used in the 
temporary decision device 51 A when the characteristic 
mode signal Indicates that the wavefomn of a signal re- 
produced from the optical disc 15 Is of the integral type. 
The differential-type-slgnal algorithm is used in the tem- 
porary decision device 51 A when the characteristic 
mode signal indicates that the wavefomn of a signal re- 
produced from the optical disc 15 is of the differential 
type. 

[0147] The differential-type-signal algorithm used in 
the temporary decision device 51 A is similar to that in 
the first embodiment of this invention (see Fig. 12). 
[01 48] In the case of an integral-type reproduced sig- 
nal, the re-sampling DPLL section 19f outputs the 
0-point information to the adaptive equalization circuit 
20f as previously mentioned. The 0-point information 
whose value Z is "1" indicates a zero-cross point. The 
0-point information value Z being "1 " corresponds to the 
value "a+b" in Fig, 28, and occurs in the transition from 
the state AS1 to the state AS2 and the transition from 
the^ state AS4 to the state ASS. In Fig. 28, transitions 
from the right-hand states AS2: ASS, and AS4 pass 
through positive values ("a-»-2b", "2a+2b", and "2b" when 
normalization is done so that a+b=0), while transitions 
from the left-hand states ASO, AS1, and AS5 pass 
through negative values ("0", "a", and "2a" when nor- 
malization is done so that a-i-b=0). Therefore, a decision 
as to whether the zero-cross point is in a positive-going 
path or a negative-going path can be implemented by 
referring to a value temporally preceding or following the 
zero-cross point. 

[01 49] In the case where the interval from one zero- 
cross point to the next zero-cross point Is known, or in 
the case where the number of transitions occurring for 
the interval from the state AS2 to the state AS5 or the 
interval from the state AS5 to the state AS2 is known, 
the path is settled and hence values to be taken at re- 
spective sample points are definite. 
[0150] In Fig. 28, the values different from "a-i-b" do 
not correspond to the zero-cross point. For the values 
different from "a+b", the 0-point information value Z is 
equal to "0". Two or more zero-cross points {Z=1) will 
not occur in succession. In the case of RLL (1. X), at 
least one "0" point (Z=0 point) exists between two adja- 
cent zero-cross points (Z=1). For example, the 0-point 
infomnation value Z changes as 1->0->1 (the state 



changes as AS2-4AS4-»AS5 or AS5^AS1^AS2). In 
the case of RLL (2, X), at least two "0" points (Z=0 
points) exist between two adjacent zero-cross points 
(Z=1) since the values "2a" and "2b" are absent. 

5 [0151] Fig. 31 is a flowchart of the integral-type-signal 
algorithm of the temporary decision by the temporary 
decision device 51 A. The temporary decision is execut- 
ed for every period of the bit clock signal. The integral- 
type-signal algorithm in Fig. 31 refers to five successive 

10 0-point information values Z represented by the output 
signals of the tap delay circuit 23. The central-place val- 
ue (the third-place value) among the five successive 
0-point infonnation values Z corresponds to a sample 
point of interest. 

15 [0152] As shown in Fig. 31, a first step 61 A of the In- 
tegral-type-signal algorithm decides whether or not five 
successive 0-point information values Z represented by 
the output signals of the tap delay circuit 23 are "00000". 
When the five successive 0-point information values Z 

20 are "00000", the algorithm advances from the step 61 A 
to a step 65A. Otherwise, the algorithm advances from 
the step 61 A to a step 62A. 

[0153] The step 62A decides whether or not the five 
successive 0-point information values Z are "00001". 
25 When the five successive 0-point information values Z 
are "00001", the algorithm advances from the step 62A 
to the step 65A. Otherwise, the algorithm advances from 
the step 62A to a step 63A. 

[0154] The step 63A decides whether or not the five 

30 successive 0-point information values Z are "10000". 
When the five successive 0-point information values Z 
are "10000", the algorithm advances from the step 63A 
to the step 65A. Othenwise, the algorithm advances from 
the step 63A to a step 64A. 

35 [0155] The step 64A decides whether or not the five 
successive 0-point information values Z are "10001". 
When the five successive 0-point information values Z 
are "10001", the algorithm advances from the step 64A 
to the step 65A. Othenwise, the algorithm advances from 

40 the step 64A to a step 66A. 

[0156] In the case where the five successive 0-point 
information values Z are "00000", "00001". "10000", or 
"10001", the before-equalization signal waveform is 
fixed in a positive side or a negative side for a long time 

45 interval centered at the sample point of interest. Thus, 
in this case, the step 65A calculates a relatively large 
value P according to the following equation. 

so P = (a-Hb)*.G (11) 

where G denotes the gain (the gain factor) shown in Fig. 
30, and a* and b* denote values derived from the values 
"a" and "b" by an offset for equalizing the central value 
55 "a+b" to "0". The values G, a*, and b* are known values 
designated by the PR mode signal and the RLL mode 
signal. After the step 65A, the algorithm advances to a 
step 74A. 



21 



BNSDOCID: <EP 1174e77A2J_> 



41 



EP1 174 877 A2 



42 



[0157] The step 66A decides whether or not the five 
successive 0-point information values Z are "01010". 
When the five successive 0-point infonnation values Z 
are "01 01 0", the algorithm advances from the step 66A 
to a step 67A. Otherwise, the algorithm advances from 
the step 66A to a step 69A. 

[01 58] The step 67A decides whether or not the RLL 
mode signal represents RLL (1 , X). When the RLL mode 
signal represents RLL (1, X), the algorithm advances 
from the step 67Ato astep 68A. Otherwise, the program 
advances from the step 67A to a step 73A. 
[0159] Five successive 0-point infonnation values Z 
being "01 01 0" can occur only in the case of RLL (1 , X). 
According to the before-equalization signal waveform 
which corresponds to five successive 0-point infonna- 
tion values Z being "0101 0", the signal polarity changes 
at an early stage, specifically at a second bit clock pulse. 
Thus, in this case, the step 68A calculates a relatively 
small value P according to the following equation. 

P = (b-a)*«G (12) 

After the step 68A, the algorithm advances to the step 
74 A. 

[0160] The step 69A decides whether or not the five 
successive 0-point information values Z are "01001". 
When the five successive 0-point information values Z 
are "01001", the algorithm advances from the step 69A 
to the step 73A. Otherwise, the algorithm advances from 
the step 69A to a step 70A. 

[0161] The step 70A decides whether or not the five 
successive 0-point information values Z are "10010". 
When the five successive 0-point information values Z 
are "1 001 0", the algorithm advances from the step 70A 
to the step 73A. Otherwise, the algorithm advances from 
the step 70A to a step 71 A. 

[0162] The step 71 A decides whether or not the five 
successive 0-polnt information values Z are "00010". 
When the five successive 0-point infonnation values Z 
are "0001 0", the algorithm advances from the step 71 A 
to the step 73A. Otherwise, the algorithm advances from 
the step 71 A to a step 72A. 

[0163] The step 72A decides whether or not the five 
successive 0-point information values Z are "01000". 
When the five successive 0-point information values Z 
are "01 000", the algorithm advances from the step 72A 
to the step 73A. Otherwise, the algorithm advances from 
the step 72A to a step 77A. 

[0164] In the case where the five successive 0-point 
information values Z are "01 010" and the RLL mode sig- 
nal does not represent RLL (1 , X), and in the case where 
the five successive 0-point information values Z are 
"01001". "10010", "00010", or "01000", the before- 
equalization signal level remains in the same for a short 
time interval centered at the sample point of interest. 
Thus, in this case, the step 73A calculates an intenne- 
diate value P according to the following equation. 



P = b*»G (13) 

After the step 73A, the algorithm advances to the step 
5 74A. 

[0165] The step 74A detects the polarity of the 
present-moment signal D3. Specifically, the step 74A 
decides whether or not the present-moment signal D3 
is smaller than "0". When the present-moment signal D3 
10 is equal to or greater than "0", the algorithm advances 
from the step 74A to a step 75A. When the present-mo- 
ment signal D3 is smallerthan "0", the algorithm advanc- 
es from the step 74A to a step 76A. 
[0166] The step 75A sets a temporary decision level 

15 (a temporary decision value or a temporary decision re- 
sult value) Q equal to the value P. In other words, the 
step 75A executes the statement "Q=P". On the other 
hand, the step 76A sets the temporary decision level Q 
equal to the value -P (the value P multiplied by -1). In 

20 other words, the step 76A executes the statement "Q=- 
P". After the steps 75A and 76A, the current execution 
cycle of the temporary decision ends. 
[0167] The step 77A sets the temporary decision level 
Q to "0" according to the statement "Q=0". The algorithm 

25 advances to the step 77A in cases including the case 
where the central-place one (thethird-place one) among 
the the five successive 0-point information values Z is 
"1". After the step 77A, the current execution cycle of 
the temporary decision ends. 

30 [0168] In this way. the temporary decision device 51 A 
determines the temporary decision level (the temporary 
decision value) Q according to the integral-type-signal 
algorithm. The temporary decision device 51 A outputs 
a signal representative of the temporary decision level 

35 (the temporary decision value) Q to the subtracter 52 as 
a temporary decision result signal. The temporary deci- 
sion value Q is detennined on the basis of one of the 
previously-indicated equations (11), (12), and (13) and 
the previously-indicated equation "Q=0". Accordingly, 

40 the equalization by the transversal filter 21 for an inte- 
gral-type reproduced signal Is based on one of the equa- 
tions (11), (12), and (13) and the equation "Q=0". The 
equalization based on one of the equations (11), (12), 
and (1 3) and the equation "Q=0" is periodically executed 

45 in response to the polarity of the present-moment signal 
D3 at a timing of the central-place one (the third-place 
one) among five successive 0-point information values 
Z, 

[0169] The waveform equalization foran integral-type 
50 reproduced signal will be described below in more de- 
tail. Fig. 32 shows an example of a wavefonn (A) of orig- 
inal data points "O' which are represented by respective 
data segments recorded on the optical disc 15. Sample 
points "X" on the wavefonn (A) which are given for the 
55 PR equalization are temporally distant from the original 
data points "O" by angular or phase intervals of 180** 
with respect to the bit clock signal. Values Z of the 
0-point information are generated coincidently with 
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sample points "x", respectively. According to the wave- 
form (A), five successive 0-point information values 2 
change as " 1 0000"^"00000"->"00000"-^"00000"^ 
"00001 Fig. 32 also shows an example of an equaliza- 
tion-resultant waveform (B) of sample points "x" which 
originates from the waveform (A). In the case where the 
five successive 0-point information values Z are 
"00000", "10000", or "00001", the waveform equaliza- 
tion is executed on the basis of the previously-indicated 
equation (11) and the polarity of the present-moment 
signal D3 at a timing of the central-place one among the 
five successive 0-point information values Z. In Fig. 32, 
since the polarity of the present-moment signal D3 at a 
timing of the central-place one among the five succes- 
sive 0-point information values 2 ("00000", "10000", or 
"00001") is positive, the waveform equalization reflects 
the positive value P equal to (a + b)*»G. Specifically, the 
waveform equalization reflects the temporary decision 
value Q. The equalization-resultant waveform (B) is ba- 
sically similar to the original waveform (A). 
[0170] Fig, 33 shows an example of a waveform (C) 
of original data points "O' which are represented by re- 
spective data segments recorded on the optical disc 1 5. 
Sample points "x" on the waveform (C) are given for 
the PR equalization. Values Z of the 0-point information 
are generated coincidently with sample points "x". re- 
spectively. According to the waveform (C), five succes- 
sive 0-point information values Z are "10001". Fig. 33 
also shows an example of an equalization-resultant 
waveform (D) of sample points "x" which originates 
from the wavefomn (C). In the case where the five suc- 
cessive 0-point information values Z are "10001", the 
waveform equalization is executed on the basis of the 
previously-indicated equation (11) and the polarity of the 
present-moment signal D3 at a timing of the central- 
place one among thef ive successive 0-point information 
values Z. In Fig. 33, since the polarity of the present- 
moment signal D3 at a timing of the central-place one 
among the five successive 0-point infonnation values Z 
("1 0001 ") is positive, the waveform equalization reflects 
the positive value P equal to (a-i-b)*»G. Specifically, the 
waveform equalization reflects the temporary decision 
value Q. The equalization-resultant waveform (D) is ba- 
sically similar to the original waveform (C), 
[0171] Fig. 34 shows an example of a wavefonn (E) 
of original data points "C which are represented by re- 
spective RLL (1 , X) data segments recorded on the op- 
tical disc 1 5. Sample points " x" on the waveform (E) are 
given for the PR equalization. Values Z of the 0-point 
infonnation are generated coincidently with sample 
points "X", respectively. According to the waveform (E), 
five successive 0-point information values 2 change as 
"01010"^"10100"^"01001". Fig. 34 also shows an ex- 
ample of an equalization-resultant wavefomn (F) of sam- 
ple points "X" which originates from the waveform (E). 
In the case where the five successive 0-point informa- 
tion values 2 are "0101 0", the waveform equalization is 
executed on the basis of the previously-indicated equa- 



tion (12) and the polarity of the present-moment signal 
D3 at a timing of the central-place one among the five 
successive 0-point information values Z. In Fig. 34, 
since the polarity of the present-moment signal D3 at a 

5 timing of the central-place one among the five succes- 
sive 0-point information values Z ("01010") is positive, 
the waveform equalization reflects the positive value P 
equal to (b-a)*»G. Specifically, the waveform equaliza- 
tion reflects the temporary decision value Q. In the case 

10 where the five successive 0-point infonnation values Z 
are "01001", the waveform equalization is executed on 
the basis of the previously-indicated equation (13) and 
the polarity of the present-moment signal D3 at a timing 
of the central-place one among the five successive 

15 0-point information values Z. In Fig. 34, since the polarity 
of the present-moment signal D3 at a timing of the cen- 
tral-place one among the five successive 0-point infor- 
mation values Z ("01001") is negative, the waveform 
equalization reflects the negative value -P equal to - 

20 b*»G. Specifically, the waveform equalization reflects 
the temporary decision value Q. The equalization-re- 
sultant waveform (E) is basically simitar to the original 
waveform (F). 

[0172] Fig. 35 shows an example of a waveform (G) 

25 of original data points "O' which are represented by data 
segments recorded on the optical disc 15. Sample 
points "X" on the waveform (G) are given for the PR 
equalization. Values Z of the 0-point information are 
generated coincidently with sample points "x", respec- 

30 tively. According to the waveform (G), five successive 
0-point information values Z change as 
"01 000"^"1 0000"^"00000"^"00000"^"00000" 
->*'00001 "->"0001 0". Fig. 35 also shows an example of 
an equalization-resultant waveform (H) of sample points 

35 "X" which originates from the waveform (G). In the case 
where the five successive 0-point infonnation values Z 
are "01 000" or "0001 0", the waveform equalization is ex- 
ecuted on the basis of the previously-indicated equation 
(13) and the polarity of the present-moment signal D3 

40 at a timing of the central-place one among the five suc- 
cessive 0-point information values Z. In Fig. 35, since 
the polarity of the present-moment signal D3 at a timing 
of the central-place one among the five successive 
0-point information values Z ("01 000" or "0001 0") is pos- 

45 itive, the waveform equalization reflects the positive val- 
ue P equal to b*»G. Specifically, the waveform equaliza- 
tion reflects the temporary decision value Q. The equal- 
ization-resultant waveform (H) is basically similar to the 
original waveform (G). 

50 [01 73] Fig. 36 shows an example of a waveform (1) of 
original data points "O' which are represented by data 
segments recorded on the optical disc 15. Sample 
points "X" on the wavefomn (I) are given for the PR 
equalization. Values Z of the 0-point information are 

55 generated coincidently with sample points "x", respec- 
tively. According to the waveform (1), five successive 
0-point information values Z change as 
"01 001 "->"1 001 0". Fig. 36 also shows an example of an 
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equalization-resultant waveform (J) of sample points 
"X" which originates from the waveform (1). In the case 
where the five successive 0-point information values Z 
are "01 001 " or "1 001 0", the waveform equalization is ex- 
ecuted on the basis of the previously-indicated equation s 
(13) and the polarity of the present-moment signal D3 
at a timing of the central-place one among the five suc- 
cessive 0-point information values Z. In Fig. 36, since 
the polarity of the present-moment signal D3 at a timing 
of the central-place one among the five successive io 
0-polnt information values Z ("01 001 " or "1 001 0") is pos- 
itive, the waveform equalization reflects the positive val- 
ue P equal to b*»G. Specifically, the wavefomn equaliza- 
tion reflects the temporary decision value Q. The equal- 
ization-resultant wavefonn (J) is basically similar to the '5 
original wavefonn (I). 

[01 74] The wavefonn equalization for an integral-type 
reproduced signal is executed in response to five suc- 
cessive 0-point information values Z and also the slate 
transition diagram of Fig. 28. Therefore, the executed 
waveform equalization is less adversely affected by the 
level represented by a current signal sample. Thus, the 
executed waveform equalization is reliable. Further- 
more, the executed waveform equalization can be 
changed among different PR equalizations in response 
to the PR mode signal and the RLL mode signal. It 
should be noted that the present embodiment of this in- 
vention can be applied to RLL (2, X) since the RLL (2, 
X) signal state transitions in Fig. 29 are similar to the 
RLL (1 , X) signal state transitions in Fig. 28. 30 
[0175] Experiments were carried out. During the ex- 
periments, an integral-type test signal of RLL (2, X) was 
Inputted into the reproducing apparatus of Fig. 22 for PR 
(3, 4, 4, 3). The integral-type test signal was processed 
by the reproducing apparatus of Fig. 22 into an equali- 35 
zation-resultant signal which appeared at the output ter- 
minal of the adaptive equalization circuit 20f. Fig. 37 
shows time-domain conditions of the equalization-re- 
sultant signal. In Fig. 37, the abscissa denotes time 
elapsed, and the ordinate denotes the quantization lev- 40 
els of signal samples. As shown in Fig. 37, samples of 
the equalization-resultant signal quickly converged on 
five different levels corresponding to *'2a+2b", "a+2b", 
"a+b", "a", and "0". 

[0176] Also, during the experiments, an integral-type ^5 
test signal of RLL (2, X) was inpuUed into the reproduc- 
ing apparatus of Fig. 22 for PR (1 ,1). The integraf-type 
test signal was processed by the reproducing apparatus 
of Fig. 22 into an equalization-resultant signal which ap- 
peared at the output terminal of the adaptive equaliza- 50 
tion circuit 20f. Fig. 38 shows time-domain conditions of 
the equalization-resultantsignal. In Fig. 38, the abscissa 
denotes time elapsed, and the ordinate denotes the 
quantization levels of signal samples. As shown in Fig. 
38, samples of the equalization-resultant signal quickly 55 
converged on three different levels corresponding to 
"a-^2b", "a+b", and "a". 



Eighth Embodiment 

[01 77] Fig. 39 shows a portion of a reproducing appa- 
ratus according to an eighth embodiment of this inven- 
tion. The reproducing apparatus in Fig. 39 is similar to 
the reproducing apparatus in Fig. 24 except that a re- 
sampling DPLL section 19g replaces the re-sampling 
DPLL section 1 9f (see Fig. 24), and a peak detector 1 00 
and a signal selector 101 are additionally provided. The 
peak detector 1 00 is connected to the re-sampling DPLL 
section 1 9g and the signal selector 1 01 . The signal se- 
lector 1 01 is connected to the re-sampling DPLL section 
19g and an adaptive equalization circuit 20f. 
[0178] With reference to Fig. 39, the re-sampling 
DPLL section 19g does not receive a characteristic 
mode signal. Thus, the re-sampling DPLL section 19g 
does not respond to the characteristic mode signal. The 
re-sampling DPLL section 19g has the second PLL cir- 
cuit 19Q (see Fig. 23). The re-sampling DPLL section 
19g does not have the first PLL circuit 19P, and the 
switches 1 9R and 1 9S (see Fig. 23). The second digital 
signal (the main digital signal) generated by the second 
PLL circuit 19Q is continuously outputted from the re- 
sampling DPLL section 1 9g to the adaptive equalization 
circuit 20f. The 0-point infomnation generated by the 
second PLL circuit 1 9Q is outputted from the re-sam- 
pling DPLL section 1 9g to the signal selector 101 . 
[0179] The peak detector 100 receives the main dig- 
ital signal (the second digital signal) from the re-sam- 
pling DPLL section 19g, The peak detector 100 calcu- 
lates the slope (differential) of the level represented by 
the main digital signal from the re-sampling DPLL sec- 
tion 1 9g on the basis of two successive samples thereof. 
The peak detector 1 00 senses every inversion of the po- 
larity of the calculated slope. The peak detector 1 00 ex- 
amines the two slopes at sample points immediately 
preceding and immediately following the polarity-inver- 
sion moment respectively The peak detector 1 00 se- 
lects one from the two slopes which is closerto "0". The 
peak detector 100 sets a peak-point infonnation value 
PK to "1 " for the selected slope. The peak detector 1 00 
sets the peak-point infonnation value PK to "0" for the 
other slope (the unselected slope). In the absence of a 
sensed polarity inversion, the peak detector 1 00 contin- 
uously sets the peak-point Infonnation value PK to "0". 
Thus, the peak detector 1 00 generates peak-point infor- 
mation representing the value PK. The peak detector 
100 outputs the peak-point infonnation to the signal se- 
lector 101 . 

[0180] The signal selector 1 01 receives the charac- 
teristic mode signal. The device 101 selects one of the 
peak-point information and the 0-point information in re- 
sponse to the characteristic mode signal. Specifically, 
the device 101 selects the peak-point information when 
the characteristic mode signal indicates that the wave- 
form of a signal reproduced from an optical disc 15 is of 
the differential type. The device 101 selects the 0-point 
information when the characteristic mode signal indi- 
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cates that the waveform of a signal reproduced from the 
optical disc 1 5 is of the integral type. The signal selector 
1 01 outputs the selected point information to a tap delay 
circuit 23 within the adaptive equalization circuit 20f. 

Ninth Embodiment 

[01 81] Fig. 40 shows a portion of a reproducing appa- 
ratus according to a ninth embodiment of this invention. 
The reproducing apparatus in Fig. 40 is similar to the 
reproducing apparatus in Fig. 24 except that a re-sam- 
pling;DPLL section 1 9h and an adaptive equalization cir- 
cuit 20h replace the re-sampling DPLL section 19f and 
the adaptive equalization circuit 20f (see Fig. 24) re- 
spectively. 

[0182] With reference to Fig. 40, the re-sampling 
DPLL section 19h does not receive a characteristic 
mode signal. Thus, the re-sampling DPLL section 19h 
does not respond to the characteristic mode signal. The 
re-sampling DPLL section 1 9h generates neither 0-point 
information norpeak-point information. The re-sampling 
DPLL section 19h generates a second digital signal (a 
main digital signal) from the output signal of an AGC cir- 
cuit 1 8B (see Fig. 22) by a PLL-based re-sampling proc- 
ess. The re-sampling DPLL section 1 9h outputs the sec- 
ond digital signal (the main digital signal) to a transversal 
filter 21 within the adaptive equalization circuit 20h. 
[0183] The adaptive equalization circuit 20h is similar 
to the adaptive equalization circuit 20f (see Fig. 24) ex- 
cept for the following points. The adaptive equalization 
circuit 20h includes a peak detector 1 02, a signal selec- 
tor 1 03, and a zero-cross detector 1 26. The input termi- 
nal of the peak detector 1 02 is connected to the output 
terminal of the transversal filter 21 . The output terminal 
of the peak detector 102 is connected to the signal se- 
lector 1 03. The input terminal of the zero-cross detector 
1 26 is connected to the output terminal of the transver- 
sal filter 21 . The output temninal of the zero-cross de- 
tector 126 is connected to the signal selector 103. The 
signal selector 1 03 is connected to the input terminal of 
a tap delay circuit 23. 

[0184] The peak detector 102 calculates the slope 
(differential) of the level represented by the output signal 
of the transversal filter 21 on the basis of two successive 
samples thereof. The peak detector 1 02 senses every 
inversion of the polarity of the calculated slope. The 
peak detector 1 02 examines the two slopes at sample 
points immediately preceding and immediately following 
the polarity-inversion moment respectively. The peak 
detector 102 selects one from the two slopes which is 
closer to "0". The peak detector 1 02 sets a peak-point 
information value PK to "1" for the selected slope. The 
peak detector 1 02 sets the peak-point information value 
PK to "0" for the other slope (the unselected slope). In 
the absence of a sensed polarity inversion, the peak de- 
tector 102 continuously sets the peak-point information 
value PK to "0". Thus, the peak detector 1 02 generates 
peak-point information representing the value PK. The 



peak detector 1 02 outputs the peak-point information to 
the signal selector 1 03. 

[0185] The zero-cross detector 126 senses every in- 
version of the polarity of the output signal of the trans- 

5 versa! filter 21 by referring to two successive samples 
thereof. For every sensed polarity inversion, the zero- 
cross detector 126 selects one from among two related 
signal samples which is closer to "0". The zero-cross 
detector 1 26 sets a 0-point information value Z to "1 " for 

10 the selected signal sample. The zero-cross detector 1 26 
sets the 0-point information value Z to "0" for the other 
signal sample (the unselected signal sample). In the ab- 
sence of a sensed polarity inversion, the zero-cross de- 
tector 1 26 continuously sets the 0-point information val- 

15 ue Z to "0". Thus, the zero-cross detector 1 26 generates 
0-point information representing the value Z. The zero- 
cross detector 1 26 outputs the 0-point information to the 
signal selector 103. 

[0186] The signal selector 103 receives the charac- 
20 tertstic mode signal. The device 1 03 selects one of the 
peak-point information and the 0-point information in re- 
sponse to the characteristic mode signal. Specifically, 
the device 103 selects the peak-point information when 
the characteristic mode signal indicates that the wave- 
25 form of a signal reproduced from an optical disc 1 5 (see 
Fig. 22) is of the differential type. The device 1 03 selects 
the 0-point information when the characteristic mode 
signal indicates that the waveform of a signal repro- 
duced from the optical disc 1 5 is of the integral type. The 
30 signal selector 1 03 outputs the selected point informa- 
tion to the tap delay circuit 23. 

Tenth Embodiment 

35 [0187] Fig. 41 shows a portion of a reproducing appa- 
ratus according to a tenth embodiment of this invention. 
The reproducing apparatus in Fig. 41 is similar to the 
reproducing apparatus in Fig. 22 except for design 
changes mentioned hereinafter The reproducing appa- 

40 ratus in Fig. 41 includes an A/D converter 1 8A, an AGC 
circuit 1 8B, and a DC controller 1 8C which successively 
follow an optical head 16 in that order. The output ter- 
minal of the DC controller 1 8C is connected to the input 
terminal of a transversal filter 21 within an adaptive 

^5 equalization circuit 20f. 

[01 88] The A/D converter 1 8A receives the output sig- 
nal of the optical head 16. The A/D converter 18A chang- 
es the output signal of the optical head 1 6 into a corre- 
sponding digital signal (a first digital signal). Specifically, 

50 the A/D converter 18A periodically samples the output 
signal of the optical head 1 6 in response to a system 
clock signal, and converts every resultant sample into a 
digital sample. The A/D converter 1 8A outputs the digital 
signal to the AGC circuit 1 8B. The AGC circuit 1 8B sub- 

55 jects the output signal of the A/D converter 1 8A to au- 
tomatic gain control for providing a constant signal am- 
plitude on a digital basis. The AGC circuit IBB outputs 
the resultant digital signal to the DC controller 1 SC. The 
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DC controller 1 8C subjects the output signal of the AGC 
circuit 1 8B to ATC (automatic threshold control). The DC 
controller 1 8C outputs the control-resultant signal to the 
transversal filter 21 within the adaptive equalization cir- 
cuit 20f . 

[0189] The reproducing apparatus in Fig. 41 includes 
a phase connparison circuit 131 , a loop filter 132, and a 
voltage-controlled oscillator (VCO) 133 which are con- 
nected in a closed loop in that order. The phase com- 
pai-ison circuit 131 is connected to the output terminal 
of the transversal filter 21 within the adaptive equaliza- 
tion circuit 20f. The phase comparison circuit 131 re- 
ceives the output signal of the transversal filter 21 . The 
phase comparison circuit 131 compares the phase of 
the output signal of the transversal filter 21 and the 
phase of a system clock signal fed from the VCO 133, 
and generates a phase error signal in response to the 
result of the phase comparison. The phase comparison 
circuit 1 31 outputs the phase error signal to the loop filler 
1 32. The loop filter 1 32 converts the phase error signal 
into a control voltage. The loop filter 1 32 outputs the con- 
trol voltage to the VCO 133. The VCO 133 oscillates at 
a frequency determined by the control voltage, and 
thereby generates the system clock signal. The VCO 
1 33 outputs the system clock signal to the A/D converter 
18A and other devices and circuits within the reproduc- 
ing apparatus. The system clock signal may include a 
bit clock signal. 

[0190] The phase comparison circuit 131 includes a 
peak detector and a zero-cross detector. The peak de- 
tector in the phase comparison circuit 131 calculates the 
slope (differential) of the level represented by the output 
signal of the transversal filter 21 on the basis of two suc- 
cessive samples thereof. The peak detector senses 
every inversion of the polarity of the calculated slope. 
The peak detector examines the two slopes at sample 
points immediately preceding and immediately following 
the polarity-inversion moment respectively. The peak 
detector selects one from the two slopes which is closer 
to "0". The peak detector sets a peak-point information 
value PK to "1 " for the selected slope. The peak detector 
sets the peak-point information value PK to "0" for the 
other slope (the unselected slope). In the absence of a 
sensed polarity inversion, the peak detector continuous- 
ly sets the peak-point information value PK to "0". Thus, 
the peak detector generates peak-point inf onnation rep- 
resenting the value PK. 

[01 91 ] The zero-cross detector in the phase compar- 
ison circuit 131 senses every inversion of the polarity of 
the output signal of the transversal filter 21 by refemng 
to two successive samples thereof. For every sensed 
polarity inversion, the zero-cross detector selects one 
from among two related signal samples which is closer 
to "0". The zero-cross detector sets a 0 -point information 
value Z to "1 " for the selected signal sample. The zero- 
cross detectorsets the 0-point information value 2 to "0" 
for the other signal sample (the unselected signal sam- 
ple). In the absence of a sensed polarity inversion, the 



zero-cross detector continuously sets the 0-point infor- 
mation value Z to "0". Thus, the zero-cross detector gen- 
erates 0-point information representing the value Z. 
[0192] The phase comparison circuit 131 includes a 

5 switch which receives a characteristic mode signal. The 
switch selects one of the peak-point information and the 
0-point infonnation in response to the characteristic 
mode signal. Specifically, the switch selects the peak- 
point information when the characteristic mode signal 

10 indicates that the waveform of a signal reproduced from 
an optical disc 15 (see Fig. 22) is of the differential type. 
The switch selects the 0-point information when the 
characteristic mode signal indicates that the waveform 
of a signal reproduced from the optical disc 1 5 is of the 

'5 integral type. The switch outputs the selected point in- 
formation to a tap delay circuit 23 within the adaptive 
equalization circuit 20f. 

Eleventh Embodiment 

20 

[01 93] Fig. 42 shows a portion of a reproducing appa- 
ratus according to an eleventh embodiment of this in- 
vention. The reproducing apparatus in Fig. 42 is similar 
to the reproducing apparatus in Fig. 22 except for design 
25 changes mentioned hereinafter The reproducing appa- 
ratus in Fig. 42 includes an AGC circuit 18D and an A/ 
D converter 18E which successively follow a DC block- 
ing circuit 17 in that order 

[01 94] The reproducing apparatus in Fig. 42 includes 
30 an adaptive equalization circuit 20j instead of the adap- 
tive equalization circuit 20f (see Figs. 22 and 24). The 
adaptive equalization circuit 20j is similar to the adaptive 
equalization circuit 20f except that a peak detector 1 04, 
a signal selector 1 05, and a zero-cross detector 1 27 are 
35 provided therein. The input terminals of the peak detec- 
tor 104 and the zero-cross detector 127 are connected 
to the output terminal of the A/D converter 1 8E. The out- 
put temninals of the peak detector 104 and the zero- 
cross detector 127 are connected to the signal selector 
40 105. The signal selector 105 is connected to the input 
terminal of a tap delay circuit 23. The input tenninal of 
a transversal filter 21 is connected to the output tenninal 
of the A/D converter 1 8E. 

[01 95] The AGC circuit 1 8D receives the output signal 
45 of the DC blocking circuit 1 7. The AGC circuit 1 8D sub- 
jects the output signal of the DC blocking circuit 17 to 
automatic gain control for providing a constant signal 
amplitude on an analog basis. The AGC circuit 1 8D out- 
puts the resultant signal to the A/D converter 18E. The 
50 A/D converter 1 8E changes the output signal of the AGC 
circuit 18D into a corresponding digital signal. Specifi- 
cally, the AJD converter 18E periodically samples the 
output signal of the AGC circuit 18D in response to a 
system clock signal, and converts every resultant sam- 
55 pie into a digital sample. The A/D converter 1 8E outputs 
the digital signal to the transversal filter 21 , the peak de- 
tector 104. and the zero-cross detector 127 within the 
adaptive equalization circuit 20j. 
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[0196] The peak detector 104 calculates the slope 
(differential) of the level represented by the output signal 
of the A/D converter 1 8E on the basis of two successive 
samples thereof. The peak detector 104 senses every 
inversion of the polarity of the calculated slope. The 
peak detector 104 senses a sample point immediately 
preceding the sample point corresponding to the sensed 
polarity inversion. The peak detector 104 sets a peak- 
point information value PKto "1" for the sensed sample 
point. The peak detector 104 sets the peak-point infor- 
mation value PK to "0" for the other sample points. Thus, 
the peak detector 1 04 generates peak-point information 
representing the value PK. The peak detector 104 out- 
putsUhe peak-point information to the signal selector 
105. 

[0197] The zero-cross detector 127 senses every in- 
version of the polarity of the output signal of the A/D con- 
verter 1 8E by referring to two successive samples there- 
of. For every sensed polarity inversion, the zero-cross 
detector 1 27 selects one from among two related signal 
samples which is closer to "0". The zero-cross detector 
1 27 sets a 0-point information value 2 to "1 " for the se- 
lected signal sample. The zero-cross detector 127 sets 
the 0-point information value 2 to "0" forthe other signal 
sample (the unselected signal sample). In the absence 
of a sensed polarity inversion, the zero-cross detector 
1 27 continuously sets the 0-point information value 2 to 
"0". Thus, the zero-cross detector 1 27 generates 0-point 
information representing the value 2. The zero-cross 
detector 1 27 outputs the 0-point inf onnation to the signal 
selector 105. 

[0198] The signal selector 1 05 receives a character- 
istic-mode signal. The device 105 selects one of the 
peak-point information and the 0-point infomnation in re- 
sponse to the characteristic mode signal. Specifically, 
the device 1 05 selects the peak-point information when 
the characteristic mode signal indicates that the wave- 
form of a signal reproduced from an optical disc 15 is of 
the differential type. The device 105 selects the 0-point 
infonnation when the characteristic mode signal indi- 
cates that the waveform of a signal reproduced from the 
optical disc 1 5 is of the integral type. The signal selector 
1 05 outputs the selected point information to the tap de- 
lay circuit 23. 

[0199] The reproducing apparatus in Fig. 42 includes 
a phase comparator 1 35, a loop filter 1 36, and a voltage- 
controlled oscillator (VCO) 137 which are connected in 
a closed loop in that order. The phase comparator 1 35 
receives the output signal of the AGC circuit 18D. The 
device 135 compares the phase of the output signal of 
the AGC circuit 18D and the phase of a system clock 
signal fed from the VCO 137, and generates a phase 
error signal in response to the result of the phase com- 
parison. The phase comparator 135 outputs the phase 
errorsignal to the loop filter 1 36. The loop filter 1 36 con- 
verts the phase error signal into a control voltage. The 
loop filter 136 outputs the control voltage to the VCO 
1 37. The VCO 1 37 oscillates at a frequency determined 



by the control voltage, and thereby generates the sys- 
tem clock signal. The VCO 1 37 outputs the system clock 
signal to the A/D converter 18E and other devices and 
circuits within the reproducing apparatus. The system 
5 clock signal may include a bit clock signal. 

Twelfth Embodiment 

[0200] A twelfth embodiment of this invention is simi- 

10 lar to one of the seventh, eighth, ninth, tenth, and elev- 
enth embodiments thereof except for design changes 
mentioned below. In the twelfth embodiment of this in- 
vention, a temporary decision device 51 A (see Fig. 25) 
refers to only three successive 0-point information val- 

15 ues 2 during the execution of an integral-type-signal al- 
gorithm of a temporary decision. The central-place val- 
ue (the second-place value) among the three succes- 
sive 0-point information values 2 corresponds to a sam- 
ple point of interest. 

20 [0201] Fig. 43 is a flowchart of the integral-type-signal 
algorithm of the temporary decision by the temporary 
decision device 51 A in the twelfth embodiment of this 
invention. The temporary decision is executed for every 
period of a bit clock signal. 

25 [0202] As shown in Fig. 43, a first step 81 A of the al- 
gorithm decides whether or not three successive 0-point 
information values 2 represented by output signals of a 
tap delay circuit 23 (see Fig. 25) are "000". When the 
three successive 0-point information values 2 are "000", 

30 the algorithm advances from the step 81 A to a step 82A. 
Otherwise, the algorithm advances from the step 81 A to 
a step 83A. 

[0203] In the case where the three successive 0-point 
information values 2 are "000", the before-equalization 

35 signal wavefonn is fixed in a positive side or a negative 
side for a long time interval centered at the sample point 
of interest. Thus, in this case, the step 82A calculates a 
relatively large value P according to the previously-indi- 
cated equation (11). After the step 82A, the algorithm 

40 advances to a step 89A. 

[0204] The step 83A decides whether or not the three 
successive 0-point information values 2 are "101". 
When the three successive 0-point information values 
2 are "101", the algorithm advances from the step 83A 

45 to a step 84A. Otherwise, the algorithm advances from 
the step 83A to a step 87A. 

[0205] The step 84A decides whether or not the RLL 
mode signal represents RLL (1 , X). When the RLL mode 
signal represents RLL (1, X), the algorithm advances 

50 from the step 84A to a step 85A. Otherwise, the program 
advances from the step 84A to a step 86A. 
[0206] Three successive 0-point information values 2 
being "101" can occur only in the case of RLL (1, X). 
According to the before-equalization signal waveform 

55 which corresponds to three successive 0-point informa- 
tion values 2 being "1 01 the signal polarity changes at 
an early stage. Thus, in this case, the step 85A calcu- 
lates a relatively small value P according to the previ- 
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ously-indicated equation (12). After the step 85A, the 
algorithm advances to the step 89A. 
[0207] The step 87A decides whether or not the three 
successive 0-point information values Z are "100". 
When the three successive 0-point information values 
Z are "100", the algorithm advances from the step 87A 
to the step 86A. Otherwise, the algorithm advances from 
the step 87A to a step 88A. 

[0208] The step 88A decides whether or not the three 
successive 0-point information values Z are "001". 
When the three successive 0-point information values 
Z are "001", the algorithm advances from the step 88A 
to the step 86A. Otherwise, the algorithm advances from 
the step 88A to a step 92A. 

[0209] In the case where the three successive 0-point 
information values Z are "101" and the RLL mode signal 
does not represent RLL (1, X), and in the case where 
the three successive 0-point information values Z are 
"100" or "001", the before-equalizalion signal level re- 
mains in the same for a short time interval centered at 
the sample point of interest. Thus, in this case, the step 
86A calculates an intemnediate value P according to the 
previously-indicated equation (13). After the step 86A, 
the algorithm advances to the step 89A. 
[0210] The step B9A detects the polarity of the 
present-moment signal D3. Specifically, the step 89A 
decides whether or not the present-moment signal D3 
is smaller than "0". When the present-moment signal D3 
is equal to or greater than "0", the algorithm advances 
from the step 89A to a step 91 A. When the present-mo- 
ment signal D3 is smallerthan "0", the algorithm advanc- 
es from the step 89A to a step 90A. 
[0211] The step 91 A sets a temporary decision level 
(a temporary decision value or a temporary decision re- 
sult value) Q equal to the value P. In other words, the 
step 91 A executes the statement "Q=P". On the other 
hand, the step 90A sets the temporary decision level Q 
equal to the value -P (the value P multiplied by -1). In 
other words, the step 90A executes the statement "Q=- 
P". After the steps 90A and 91 A, the current execution 
cycle of the temporary decision ends. 
[0212] Thestep92A sets the temporary decision level 
Q equal to "0" according to the statement "Q=0". The 
algorithm advances to the step 92A in cases including 
the case where the central-place one among the the 
three successive 0-point Infomiation values Z Is "1". Af- 
ter the step 92A, the current execution cycle of the tem- 
porary decision ends. 

[0213] The temporary decision device 51 A (see Fig. 
25) outputs a signal representative of the temporary de- 
cision level (the temporary decision value) Q to the sub- 
tracter 52 as a temporary decision result signal for an 
integral-type reproduced signal. The temporary deci- 
sion value Q is determined on the basis of one of the 
previously-indicated equations (11), (12), and (13) and 
the previously-indicated equation "0=0". Accordingly, 
the equalization by the transversa! filter 21 (see Fig. 24) 
for an integral-type reproduced signal is based on one 



of the equations (11), (12), and (13) and the equation 
"Q=0". The equalization based on one of the equations 
(11), (12), and (13) and the equation "Q=0" is periodi- 
cally executed in response to the polarity of the present- 
5 moment signal D3 at a timing of the central-place one 
(the second-place one) among three successive 0-point 
information values Z. 

Thirteenth Embodiment 

10 

[0214] A thirteenth embodiment of this invention is 
similar to one of the seventh, eighth, ninth, tenth, elev- 
enth, and twelfth embodiments thereof except for design 
changes mentioned below. In the thirteenth embodi- 
es ment of this invention, a temporary decision device 51 A 
(see Fig. 25) refers to only three successive peak-point 
information values PK during the execution of a differ- 
ential-type-signal algorithm of a temporary decision. 
The differenlial-type-signal algorithm in the thirteenth 
20 embodiment of this invention is similar to the temporary 
decision algorithm in Fig. 20. 

Fourteenth Embodiment 

25 [0215] A fourteenth embodiment of this invention is 
similar to one of the first to thirteenth embodiments 
thereof except that at least one of the PR mode signal 
and the RLL mode signal fed to the temporary decision 
circuit 24 or 24A is fixed. 

30 

Fifteenth Embodiment 

[021 6] A fifteenth embodiment of this invention is sim- 
ilar to one of the first to fourteenth embodiments thereof 
35 except that the inverter 25 is replaced by an inverter ar- 
ray receiving the tap output signals from the transversal 
filter 21 .The inverter array inverts the tap output signals, 
and outputs the inversion-resultant signals to the multi- 
plier and LPF section 22. 

40 

Sixteenth Embodiment 

[0217] A sixteenth embodiment of this invention is 
similar to one of the first to fourteenth embodiments 

45 thereof except that the inverter 25 is replaced by an in- 
verter array receiving the output signals of the multiplier 
and LPF section 22 which represent tap coefficients. 
The inverter array inverts the tap-coefficient signals, and 
outputs the inversion-resultant signals to the transversal 

50 filter 21. 

Seventeenth Embodiment 

[0218] A seventeenth embodiment of this invention is 
55 similar to one of the first to fourteenth embodiments 
thereof except that the inverter 25 is replaced by an ar- 
rangement which changes the polarity of a main digital 
signal (a second digital signal) within the transversal fil- 
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ter21. 

Eighteenth Embodiment 

[021 9] An eighteenth embodiment of this invention is 
similar to one of the first to fourteenth embodiments 
thereof except that the inverter 25 is replaced by an ar- 
rangement which implements signal-polarity inversion 
at a place In the loop of a signal propagation path. 

Claims 

1 . ..A reproducing apparatus comprising: 

first means for reproducing a signal of a run- 
length-limited code from a recording medium; 
a transversal filter subjecting the signal repro- 
duced by the first means to a partial-response 
waveform equalization to generate an equali- 
zation-resultant signal, the partial-response 
waveform equalization depending on tap coef- 
ficients; 

second means for detecting whether or not the 
signal reproduced by the first means corre- 
sponds to a peak point, and generating peak- 
point infomnation in response to a result of said 
detecting; 

a delay circuit responsive to the peak-point in- 
formation generated by the second means for 
outputting at least three successive samples of 
the peak-point information; 
a temporary decision device for calculating a 
temporary decision value of the equalization- 
resultant signal on the basis of a PR mode sig- 
nal, an RLL mode signal, the successive sam- 
ples of the peak-point Information which are 
outputted from the delay circuit, and an actual 
value of the equalization-resultant signal, the 
PR mode signal representing a type of the par- 
tial-response waveform equalization, the RLL 
mode signal representing a type of the run- 
length-limited code; 

third means for calculating a difference be- 
tween the temporary decision value of the 
equalization-resultant signal and the actual val- 
ue thereof, and generating an error signal in re- 
sponse to the calculated difference; and 
fourth means for controlling the tap coefficients 
of the transversal filter in response to the error 
signal generated by the third means so as to 
minimize the error signal. 

2. A reproducing apparatus as recited in claim 1 , 
wherein at least one of the PR mode signal and the 
RLL mode signal remains fixed. 

3. A reproducing apparatus as recited in claim 1, 



wherein the second means comprises an A/D con- 
verter for converting the signal reproduced by the 
first means into a digital signal, means for subject- 
ing the digital signal generated by the A/D converter 

5 to a re-sampling process to generate a re-sampling 

resultant signal, means for feeding the re-sampling 
resultant signal to the transversal filter, and means 
for detecting whether or not the digital signal gen- 
erated by the A/D converter corresponds to a peak 

10 point, and generating peak-point information in re- 
sponse to a result of said detecting. 

4. A reproducing apparatus comprising: 

15 first means for reproducing a signal of a run- 

length-limited code from a recording medium; 
a transversal filter subjecting the signal repro- 
duced by the first means to a partial-response 
waveform equalization to generate an equali- 
se zation-resultant signal, the partial-response 
wavefonn equalization depending on tap coef- 
ficients; 

second means for detecting whether or not the 
equalization-resultant signal generated by the 

25 transversal filter corresponds to a peak point, 

and generating peak-point infomnation in re- 
sponse to a result of said detecting; 
a delay circuit responsive to the peak-point in- 
formation generated by the second means for 

30 outputting at least three successive samples of 

the peak-point information; 
a temporary decision device for calculating a 
temporary decision value of the equalization- 
resultant signal on the basis of a PR mode sig- 

35 nal, an RLL mode signal, the successive sam- 

ples of the peak-point information which are 
outputted from the delay circuit, and an actual 
value of the equalization-resultant signal, the 
PR mode signal representing a type of the par- 

40 tial-response waveform equalization, the RLL 

mode signal representing a type of the run- 
length-limited code; 

third means for calculating a difference be- 
tween the temporary decision value of the 

45 equalization-resultant signal and the actual val- 

ue thereof, and generating an error signal in re- 
sponse to the calculated difference; and 
fourth means for controlling the tap coefficients 
of the transversal filter in response to the error 

50 signal generated by the third means so as to 

minimize the error signal. 

5. A reproducing apparatus as recited in claim 4, 
wherein the second means comprises a peak de- 

55 tector for detecting a point at whbh a level repre- 
sented by the equalization-resultant signal peaks, 
and generating the peak-point infomnation in re- 
sponse to said detected point. 
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6. A reproducing apparatus as recited in claim 4, 
wherein the second means comprises means for 
comparing a phase of a bit clock signal and a phase 
of a point at which a level represented by the equal- 
ization-resultant signal peaks, and generating a 5 
phase error signal in response to said phase com- 
paring. 

7. A reproducing apparatus as recited in claim 1, 
wherein the type of the partial-response wavefomri io 
equalization which is represented by the PR mode 
signal is expressed as PR {a, b, -b, -a), and the suc- 
cessive samples of the peak-point information are 
three successive samples, and wherein the tempo- 
rary decision device comprises means for calculat- i5 
ing a value P on the basis of the successive sam- 
ples of the peak-point information, the value P being 
equal to a»G when at least one of the successive 
samples of the peak-point information except a cen- 
tral sample corresponds to a peak point, the value 20 
P being equal to (a+b)»G when the central sample 
among the successive samples of the peak-point 
information corresponds to a peak point, means for 
detecting a polarity of a level represented by the 
equalization-resultant signal which occurs when the ^5 
central sample among the successive samples of 
the peak-point information corresponds to a peak 
point, means for calculating the temporary decision 
value on the basis of the calculated value P and the 
detected polarity, and means for setting the tempo- 30 
rary decision value to "0" when none of the succes- 
sive samples of the peak-point information corre- 
sponds to a peak point, where G denotes a gain fac- 
tor 

35 

8. A reproducing apparatus as recited in claim 1, 
wherein the type of the partial-response wavefomn 
equalization which is represented by the PR mode 
signal is expressed as PR (a, b, -b, -a), and the suc- 
cessive samples of the peak-point information are 
five successive samples, and wherein the tempo- 
rary decision device comprises means for calculat- 
ing a value P on the basis of the successive sam- 
ples of the peak-point information, the value P being 
equal to a»G when at least one of second and fourth 45 
samples among the successive samples of the 
peak-point information corresponds to a peak point, 
the value P being equal to (a-i-b)»G when the central 
sample among the successive samples of the peak- 
point information corresponds to a peak point, 
means for detecting a polarity of a level represented 

by the equalization-resultant signal which occurs 
when the central sample among the successive 
samples of the peak-point information corresponds 
to a peak point, means for calculating the temporary 55 
decision value on the basis of the calculated value 
P and the detected polarity, and means for setting 
the temporary decision value to "0" when none of 



second, third, and fourth samples among the suc- 
cessive samples of the peak-point information cor- 
responds to a peak point, where G denotes a gain 
factor. 

9. A reproducing apparatus as recited in claim 1, 
wherein the first means compnses means for repro- 
ducing the signal of the run-length-limited code from 
the recording medium in a tangential push-pull 
method. 

10. A reproducing apparatus comprising: 

first means for reproducing a signal of a run- 
length-limited code from a recording medium; 
a transversal filter subjecting the signal repro- 
duced by the first means to a partial-response 
waveform equalization to generate an equali- 
zation-resultant signal, the partial-response 
waveform equalization depending on tap coef- 
ficients; 

a temporary decision device for calculating a 
temporary decision value of the equalization- 
resultant signal according to a temporary deci- 
sion algorithm; 

second means for calculating a difference be- 
tween the temporary decision value of the 
equalization-resultant signal and an actual val- 
ue thereof, and generating an error signal in re- 
sponse to the calculated difference; 
third means for controlling the tap coefficients 
of the transversal filter in response to the error 
signal generated by the second means so as to 
minimize the error signal; and 
fourth means for changing the temporary deci- 
sion algorithm used by the temporary decision 
device between a first predetermined algorithm 
corresponding to PR (a, b, b, a) waveform 
equalization and a second predetermined algo- 
rithm corresponding to PR (a, b, -b, -a) wave- 
form equalization. 

11. A reproducing apparatus comprising: 

first means for reproducing a signal of a run- 
length-limited code from a recording medium; 
a transversal filter subjecting the signal repro- 
duced by the first means to a partial-response 
waveform equalization to generate an equali- 
zation-resultant signal, the partial-response 
wavefonn equalization depending on tap coef- 
ficients; 

second means for detecting whether or not the 
signal reproduced by the first means corre- 
sponds to a zero-cross point, and generating 
0-point information in response to a result of 
said detecting; 

third means for detecti ng whether or not the sig- 
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nal reproduced by the first means corresponds 
to a peak point, and generating peak-point in- 
fonnation in response to a result of said detect- 
ing; 

fourth means for selecting one of the 0-point in- 5 
fonnation generated by the second means and 
the peak-point information generated by the 
third means; 

a delay circuit responsive to the point infonna- 
tion selected by the fourth means for outputting io 
at least three successive samples of the select- 
ed point information; 

a temporary decision device for calculating a 
temporary decision value of the equalization- 
resultant signal on the basis of a PR mode sig- 15 
nal, an RLL mode signal, the successive sam- 
ples of the selected point information which are 
outputted from the delay circuit, and an actual 
value of the equalization-resullanl signal ac- 
cording to a temporary decision algorithm, the 20 
PR mode signal representing a type of the par- 
tial-response wavefonn equalization, the RLL 
mode signal representing a type of the run- 
length-limited code; 

fifth means for calculating a difference between 25 
the temporary decision value of the equaliza- 
tion-resultant signal and the actual value there- 
of, and generating an error signal in response 
to the calculated difference; 
sixth means for controlling the tap coefficients 30 
of the transversal filter in response to the error 
signal generated by the fifth means so as to 
minimize the error signal; and 
seventh means for setting the temporary deci- 
sion algorithm used by the temporary decision 35 
device to a first predetermined algorithm corre- 
sponding to PR (a, b, b, a) when the fourth 
means selects the 0-point information, and set- 
ting the temporary decision algorithm used by 
the temporary decision device to a second pre- 40 
determined algorithm corresponding to PR (a, 
b, -b, -a) when the fourth means selects the 
peak-point information. 

12. A reproducing apparatus as recited in claim 11, ^5 
wherein the second means and the third means 
comprise an A/D converter for converting the signal 
reproduced by the first means into a digital signal, 
means for subjecting the digital signal generated by 
the A/D converter to a re-sampling process to gen- 50 
erate a re-sampling resultant signal, means for 
feeding the re-sampling resultant signal to the 
transversal filter, means for detecting whether or not 
the digital signal generated by the A/D converter 
corresponds to a zero-cross point, and generating 55 
0-polnt information in response to a result of said 
detecting, and means for detecting whether or not 
the digital signal generated by the A/D converter 



con-esponds to a peak point, and generating peak- 
point information in response to a result of said de- 
tecting. 

13. A reproducing apparatus comprising: 

first means for reproducing a signal of a run- 
length-limited code from a recording medium; 
a transversal filter subjecting the signal repro- 
duced by the first means to a partial-response 
wavefonn equalization to generate an equali- 
zation-resultant signal, the partial-response 
wavefonn equalization depending on tap coef- 
ficients; 

second means for detecting whether or not the 
equalization-resultant signal generated by the 
transversal filter corresponds to a zero-cross 
point, and generating 0-point information in re- 
sponse to a result of said detecting; 
third means for detecting whether or not the 
equalization-resultant signal generated by the 
transversal filter corresponds to a peak point, 
and generating peak-point information in re- 
sponse to a result of said detecting; 
fourth means forselecting one of the 0-point in- 
formation generated by the second means and 
the peak-point information generated by the 
third means; 

a delay circuit responsive to the point informa- 
tion selected by the fourth means for outputting 
at least three successive samples of the select- 
ed point information; 

a temporary decision device for calculating a 
temporary decision value of the equalization- 
resultant signal on the basis of a PR mode sig- 
nal, an RLL mode signal, the successive sam- 
ples of the selected point information which are 
outputted from the delay circuit, and an actual 
value of the equalization-resultant signal ac- 
cording to a temporary decision algorithm, the 
PR mode signal representing a type of the par- 
tial-response waveform equalization, the RLL 
mode signal representing a type of the run- 
length-limited code; 

fifth means forcalculating a difference between 
the temporary decision value of the equaliza- 
tion-resultant signal and the actual value there- 
of, and generating an error signal in response 
to the calculated difference; 
sixth means for controlling the tap coefficients 
of the transversal filter in response to the error 
signal generated by the fifth means so as to 
minimize the error signal; and 
seventh means for setting the temporary deci- 
sion algorithm used by the temporary decision 
device to a first predetennined algorithm corre- 
sponding to PR (a, b, b, a) when the fourth 
means selects the 0-polnt infonnation, and set- 
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ting the temporary decision algorithm used by 
the temporary decision device to a second pre- 
determined algorithm corresponding to PR (a, 
b, -b, -a) when the fourth means selects the 
peak-point information. 5 

14. A reproducing apparatus as recited in claim 1 0, fur- 
ther comprising a viterbi decoder for subjecting the 
equalization-resultant signal to a decoding process, 
and fifth means for changing the decoding process io 
in response to whether the temporary decision al- 
gorithm is set to the first predetemiined algorithm 

or the second predetermined algorithm. 

15. A reproducing apparatus as recited in claim 10, ^5 
wherein the signal reproduced from the recording 
medium by the first means comprises a first signal 
and a second signal, and the temporary decision 
algorithm is set lo the first predetermined algorithm 

for the first signal and is set to the second predeter- 20 
mined algorithm for the second signal. 

16. A reproducing apparatus as recited in claim 10, 
wherein the first means comprises means for repro- 
ducing the signal of the run-length-limited code from 25 
the recording medium in a tangential push-pull 
method. 
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(54) Reproducing apparatus 



(57) A signal of a run-length-limited code is repro- 
duced from a recording medium. A transversal filter (21 ) 
subjects the reproduced signal to a partial-response 
waveform equalization responsive to tap coefficients. 
Detection is made as to whether or not the reproduced 
signal corresponds to a peak point. Peak-point informa- 
tion is generated in response to a result of the detection. 
A delay circuit (23) outputs at least three successive 
samples of the peak-point infonnation. A temporary de- 



cision device (24) operates for calculating a temporary 
decision value of the equalization-resultant signal on the 
basis of the successive samples of the peak-point infor- 
mation. A difference between the temporary decision 
value of the equalization-resultant signal and an actual 
value thereof is calculated, and an error signal is gen- 
erated in response to the calculated difference. The tap 
coefficients of the transversal filter are controlled in re- 
sponse to the error signal so as to minimize the error 
signal. 
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